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PREFACE 
 
This Olkiluoto Biosphere description report has been written by experts from different 
organisations commissioned by Posiva Oy. On behalf of Posiva, the study has been 
supervised by Jani Helin and Ari T.K. Ikonen.  Reija Haapanen from Haapanen Forest 
Consulting edited the final version of the report. The following experts were primarily 
responsible for the different chapters: 
 
 Introduction, description of radionuclide transport and dose assessment modelling 
and support to planning the knowledge quality assessment chapter by Thomas 
Hjerpe (Saanio & Riekkola Oy) 
 Climate and meteorology by Ari Ikonen (Posiva Oy); Atmospheric deposition by 
Reija Haapanen (Haapanen Forest Consulting) 
 Overburden and sea-bottom sediments by Anne-Maj Lahdenperä (Pöyry 
Environment Oy) 
 Topography and land uplift by Anne-Maj Lahdenperä and Ari Ikonen 
 Land use and most of the maps by Jani Helin (Posiva Oy)  
 Terrestrial vegetation by Lasse Aro (Finnish Forest Research Institute) and Reija 
Haapanen  
 Birds and terrestrial fauna by Liisa Puhakka (freelance/Haapanen Forest Consulting) 
 Limnic and sea ecosystems by Teija Kirkkala (Pyhäjärvi Institute) and Sari 
Koivunen (Lounais-Suomen vesi- ja ympäristötutkimus Oy); Sea currents by Jani 
Helin 
 Agriculture by Tapio Salo (Agrifood Research Finland); Animal production by 
Marketta Rinne (Agrifood Research Finland) 
 Other anthropogenic environments by Ari Ikonen 
 
In addition, we thank the following experts for providing text, data or graphics: Natalia 
Pimenoff, Finnish Meteorological Institute (past climate and vegetation, future climate 
change), Tuomo Karvonen, Waterhope Ltd. (surface hydrology), Karsten Pedersen, 
Microbial Analytics Sweden AB (microbial activity), Anne Haapanen, Haapanen Forest 
Consulting (past land use, agricultural and forestry history, literature review for other 
anthropogenic environments), Arto Vuorela, Pöyry Environment Oy (Figure 2-10), Teea 
Penttinen, Pöyry Environment Oy (Figure 2-13), Jorma Nummela, Pöyry Environment 
Oy (Figures 4-11, 4-12 and 4-13) Jouni Nousiainen, Miia Kuisma and Eeva Lehtonen, 
Agrifood Research Finland (data for the section on agriculture). 
 
Several other experts have reviewed and provided useful comments on the report. A 
final draft of the report was reviewed by Mike Thorne of Mike Thorne and Associates 
Ltd., and Graham Smith of GMS Abington Ltd. The authors wish to thank all who have 
contributed to reviewing and commenting on the report.  
 
The following licences, permits or copyright arrangements apply to the figures in this 
report: 
 Base maps: topographic database by the National Land Survey of Finland, 
permission 41/MML/09 
 Cadastral map: National Land Survey of Finland, permission 696/MML/09 
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 Soil map, springs, streams and peat survey sample plots: Geological Survey of 
Finland  
 Corine Land Cover 2000: Finnish Environment Institute. When producing this 
satellite image interpretation-based data, auxiliary data sources by the following 
organisations have been used: Finnish Environment Institute, National Land 
Survey, Ministry of Agriculture and Forestry/TIKE, Population Register Centre, 
Forest and Park Service and UPM Kymmene Oyj. 
 Historical aerial photographs: Finnish Defence Forces/Defence Intelligence 
Centre and National Land Survey of Finland/Aerial Image Centre, permission 
13/ILMA/2009 
 Population density: Statistics Finland grid database 
 
Unless otherwise mentioned, the maps are shown in the Finnish National Coordinate 
System, Zone 1 (KKJ1). The projection is Gauss-Krüger. The coordinate numbers (in 
metres) refer to this system. 
Photograph copyrights:  
 Anne Haapanen/Reija Haapanen, Haapanen Forest Consulting (Figure 2-17) 
 Jarkko Heikkinen, Vipkuva (Figure 3-6) 
 Helifoto Oy (Figure 9-2) 
 Jani Helin, Posiva Oy (Figure 6-18) 
 Hannu Huovila (Figure 11-7) 
 Ari Ikonen, Posiva Oy (Figures 6-16, 6-17, 9-3, 9-4, 9-5) 
 Hannu Vallas, Lentokuva Vallas Oy (Figure 1-2) 
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1       INTRODUCTION 
 
Posiva Oy (Posiva) is responsible for implementing a repository programme for spent 
nuclear fuel from the Finnish nuclear power reactors currently in operation and under 
construction. The spent nuclear fuel is planned to be disposed of in a KBS-3 type of 
repository to be constructed at a depth of between 400 and 600 metres in the crystalline 
bedrock at the Olkiluoto site. The Finnish Parliament ratified in 2001 the Government‟s 
favourable Decision in Principle on Posiva‟s application to locate a repository at 
Olkiluoto. This decision represents the milestone prior to entering the phase of 
confirming site characterisation.  
 
Following the guidelines set forth by the Ministry of Trade and Industry (now the 
Ministry of Employment and Economy), Posiva is preparing for the next step of the 
nuclear licensing of the repository, which involves submitting the construction licence 
application for a spent fuel repository by the end of 2012. 
 
1.1  The Olkiluoto site 
Olkiluoto is a large island (currently approximately 12 km
2
), on the coast of the Baltic 
Sea, separated from the mainland by a narrow strait (Figures 1-1 and 1-2). The 
Olkiluoto nuclear power plant, with two reactors in operation, and a repository for low- 
and intermediate-level waste are located on the western part of the island. The 
construction of a new reactor unit (OL3) is underway at the site. The repository for 
spent fuel will be constructed in the central-eastern parts of the island after the 
construction licence procedures for a nuclear facility have been completed. The 
construction of an underground rock characterisation facility, called ONKALO, started 
in June 2004. 
 
The site is located in an area of significant continuing postglacial land uplift (currently 
approximately 6–6.8 mm/y; Eronen et al. 1995, Kahma et al. 2001, Löfman 1999). This 
leads to new land areas continuously emerging. The effects of this process are 
accentuated by a rather flat topography and anthropogenic eutrophication of the Baltic 
Sea, which increases primary production, and consequently accumulation of organic 
matter especially in shallow bays. Common reed (Phragmites australis) is a key 
organism in this process, producing detritus, decreasing water flows and increasing 
silting.  In the archipelago area south-southwest of Olkiluoto, relatively early emergence 
of smaller-scale lake and river systems is expected. Another important factor for the 
development of the landscape is a large river (Eurajoki), which has its outlet northeast 
of the island. It is expected that this river will flow north of the planned repository in the 
future. This will significantly affect the mass balances within the region arising from 
erosion and sedimentation processes. 
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Figure 1-1. An overview map of Olkiluoto. Topographic database by the National Land 
Survey of Finland, map layout by Jani Helin/Posiva Oy. 
 
 
 
 
Figure 1-2. Olkiluoto Island and neighbouring mainland areas from the air on August 
6, 2007 Photograph by Hannu Vallas/Lentokuva Vallas Oy. 
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1.2  Safety case and biosphere assessment 
Posiva is currently producing a safety case to support the construction licence 
application for a KBS-3 type of repository at the Olkiluoto site. A safety case is a 
synthesis of evidence, analyses and arguments that quantify and substantiate the safety, 
and the level of expert confidence in the safety, of a geological disposal facility for 
radioactive waste (IAEA 2006, NEA 2004). Posiva's plan for the safety case was 
initially prepared in 2004 (Vieno & Ikonen 2005), and has recently been revised (Posiva 
2008). The first planning report introduced the Posiva Safety Case Portfolio as the 
documentation management approach, facilitating flexible and progressive development 
of the safety case; this approach is further developed in the present safety case plan. 
1.2.1  Principles of the safety case 
A safety case includes a quantitative safety assessment, which is defined as the process 
of systematically analysing the ability of the disposal facility to provide the safety 
functions and to meet technical requirements, and to evaluate the potential radiological 
hazards and compliance with the safety requirements.  
 
The safety case broadens the scope of the safety assessment to include the compilation 
of a wide range of evidence and arguments that complement and support the reliability 
of the results of the quantitative analyses and demonstrate compliance with regulatory 
requirements. In concrete terms, a safety case includes all material presented by the 
repository implementer to the authorities and to other stakeholders in support of an 
application to site, construct, operate or close a disposal facility. The safety case is a key 
input to decision-making at several steps in the repository planning and implementation 
process. It becomes more comprehensive and rigorous as the programme progresses. 
 
1.2.2  Posiva Safety Case Portfolio 
Posiva‟s safety case will be developed according to the plan published in 2008 (Posiva 
2008), which updates the earlier plan published in 2005 (Vieno & Ikonen 2005). The 
safety case will be documented in a report portfolio (Figure 1-3). The Safety Case 
Report Portfolio is structured as follows.  
The Safety Case Plan 2008 located at the highest level refers to the report describing the 
plan (Posiva 2008). The Description of the disposal system report summarises the 
information on the waste form, the engineered barrier system and the Olkiluoto site. 
More detailed descriptions are given in technical and scientific reports on various 
components of the disposal system, including the site descriptive model of Olkiluoto 
and the description of biosphere conditions. Background analyses related to future 
climatic conditions will also be performed and reported. The features, events and 
processes (FEPs) affecting the evolution of the repository are described in the Process 
report. The evolution of the repository and the scenarios for analysis in the safety 
assessment are described in the Formulation of scenarios report. The most significant 
assumptions, models and data used in the safety case are documented in the Models and 
data report. This serves as the main link between the safety case and the Olkiluoto site 
investigations and biosphere descriptions as well as between the safety case and the 
engineered barrier system (EBS) design and development. The quantitative assessment 
of the radiological consequences of scenarios leading to radionuclide releases is 
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presented in the Analysis of scenarios report. The Complementary considerations report 
is carried over from the earlier Safety Case Plan 2005 (Vieno & Ikonen 2005), where it 
was called the Complementary evaluations report.  
SAFETY CASE PLAN 2008
Description of the 
Disposal System
Analysis of scenarios
Expected
FEPs
Formulation of Scenarios
Models and Data 
Complementary 
considerations
Summary
EBS and 
Repository
Design
SITE (Geosphere 
and Biosphere)
EXTERNAL 
CONDITIONS
(e.g. Climate)
Other
 
Figure 1-3. Main reports of the safety case portfolio (in blue) and the main input from 
supporting technical and scientific activities (in white). 
 
This provides additional evidence and arguments for long-term safety to promote 
confidence in the arguments, models and data used in, and results derived from, the 
quantitative safety assessment. Finally, the whole safety case, including the main 
results, will be described in a Summary report. This report will provide the main input 
to the Preliminary safety analysis report (PSAR) needed for the application for a 
repository construction licence. 
The production of the safety case is divided into four main sub-processes. The 
Conceptualisation & methodology sub-process defines the framework for the 
assessment. The Data handling and modelling sub-process creates the main links 
between the safety case, the engineering design and planning of implementation 
processes, and the site characterisation process. The Assessment sub-process produces 
the Olkiluoto- and design-specific descriptions of the evolution of the disposal system 
in various scenarios, classified either as part of the expected evolution or as disruptive 
scenarios and analyses their potential consequences. The Compliance & confidence sub-
process is responsible for the final evaluation of compliance of the assessment results 
with the regulatory criteria and for overall confidence in the safety case. 
A vital component when producing the safety case is the biosphere assessment (BSA). 
In the present safety case plan (Posiva 2008), the biosphere assessment portfolio (as 
presented in Ikonen 2006) has been fully integrated into the main safety case portfolio 
and the safety case main sub-processes.  However, the BSA component is retained for 
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practical reasons, and will be compiled on the basis of several modelling and other 
reports documenting the assessment in detail (see Section 1.2.4).  
1.2.3  Regulatory requirement and guidance for biosphere assessment 
The regulatory requirements for long-term safety are set forth in the Government 
Decision on the safety of the disposal of spent nuclear fuel (STUK 1999). Guidance to 
meet these requirements is given in the regulatory Guide YVL 8.4 issued by STUK 
(2001). 
 
The regulatory Guide (STUK 2001) sets the criteria for the time frame to be assessed. It 
emphasises that the repository design needs to effectively hinder the release of 
radionuclides into the host rock for several thousand years. For the quantitative safety 
assessment calculations, the regulatory requirements are for a period that shall extend to 
“at least several thousand years” after the closure of the repository but that shall be 
“adequately predictable with respect to assessments of human exposure” and are dose-
based. The dose criteria relate to: 
 “The annual effective dose to the most exposed members of the public which 
shall remain below 0.1 mSv. 
 The average annual effective doses to other members of the public which shall 
remain insignificantly low. The acceptability of these doses depends on the 
number of exposed people, but they shall not be more than 1/100 to 1/10 of the 
constraint for the most exposed individuals, i.e. no more than 0.001 to 0.01 mSv 
per year”. 
 
After that period, the quantitative regulatory requirements are based on constraints on 
the activity release of long-lived radionuclides from the geosphere into the biosphere. 
Consequently, the licence applicant does not have to present quantitative dose 
assessments for the period 'beyond at least several thousand years'. However, biosphere 
FEPs may influence the assessed releases from the geosphere to the biosphere. 
 
The guide (STUK 2001) also identifies the potential exposure environments and 
pathways to be considered. The biosphere assessment in general has to be based on 
similar types of climate, human habits, nutritional needs and metabolism as currently 
exist, but needs to take account of reasonably predictable changes in the environment, 
i.e. at least the land uplift and the subsequent emergence of new land areas. At least the 
following exposure pathways shall be considered (STUK 2001): 
 Use of contaminated water as household water 
 Use of contaminated water for irrigation of plants and for watering animals 
 Use of contaminated watercourses and relictions 
 
Based on these assumptions, the most exposed individuals are to be assumed to live in a 
self-sustaining family or small village community in the vicinity of the disposal site, 
where the highest radiation exposure arises through the pathways discussed above. In 
the environs of the community, a small lake and a shallow water well are assumed to 
exist. The other members of the public are assumed to live in the vicinity of a regional 
lake or at a coastal site and are exposed to the radioactive substances transported into 
these watercourses. In the latter case, no fixed dose constraint is set, but the 
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acceptability of the doses depends on the number of exposed people, and they shall not 
exceed values from one hundredth to one tenth of the constraint for the most exposed 
individuals (STUK 2001). 
The safety regulations are currently under revision. The general safety requirements set 
by the government in 1999 will be replaced by a government decree and, subsequently, 
the relevant YVL Guide by STUK will also be revised. However, according to the 
information currently available, a third draft of Guide YVL E5, there will likely not be 
major changes in the primary criteria and requirements for long-term safety. However, a 
few significant changes affecting the biosphere assessment are expected: 
 The annual effective dose to the most exposed members of the public is likely to 
be specified as the average dose in the population receiving the highest radiation 
exposure, and  
 The requirement that “rare animals and plants as well as domestic animals shall 
not be exposed detrimentally as individuals” is likely to be removed.  
 
Furthermore, the revised YVL guide will include more detailed guidance on how to 
demonstrate compliance with the long-term radiation protection requirements by means 
of a safety case. It is anticipated that it will be stated that a description of the natural 
environment in the vicinity of the disposal site shall be included in the safety case. 
 
1.2.4  Biosphere assessment 
The overall aims of the biosphere assessment in the safety case are to describe the 
present, future and relevant past conditions at, and prevailing processes in, the surface 
systems of the Olkiluoto site, model the transport and fate of radionuclides 
hypothetically released from the repository through the geosphere to the surface 
environment, and assess possible radiological consequences to humans and other biota. 
From the view of assessing the dynamics of the biosphere in the given time window, 
there are two distinct periods: 
1. Changes in the biosphere before the potential releases from the repository occur; 
this is in the time scale of millennia. During this period, the needed level of 
detail is that of relevance to determining possible environmental conditions at 
the time the releases get into and are within the biosphere system. 
2. Changes in the biosphere from the beginning of the releases until the end of the 
biosphere assessment time window; here the dynamics is relevant to the element 
cycling in the present-day environment. However, applying the information of 
the researchable environment of the present, it must be taken into account that 
the conditions may have changed during the period prior the releases arrived to 
the biosphere. According to the regulatory guidance, we can assume that the 
present-day conditions are still valid, except the consequences of the post-glacial 
land uplift. 
Performing biosphere assessment can conceptually be described as a process (described 
in Figure 1-4). The biosphere assessment process can be divided into five main sub-
processes, or components, briefly described as follows: 
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1. Conducting environmental studies and monitoring, and the compilation of a 
description of the present properties and on-going processes at the Olkiluoto 
site; this is the main activity in the Biosphere description process. 
2. The description of the present conditions of the surface systems forms the basis 
for predicting the evolution of the topography, overburden, hydrology, flora and 
fauna at the site within the climate condition envelope provided in the scenario 
definitions by the overall safety case. This is called forecasting, is carried out by 
terrain and ecosystems development modelling (TESM) and is the main task in 
the Terrain and ecosystems development process. 
3. Based on the forecasts, continuous and sufficiently homogeneous1 segments of 
the modelled area, possibly receiving any radionuclides released from the 
repository, are identified (these are called biosphere objects). Each biosphere 
object is described by one ecosystem type and one set of data, and is associated 
with one radionuclide transport model. Connecting the biosphere objects, and 
also defining an adequately simplified release pattern based on the groundwater 
flow simulations, results in the landscape model. The landscape model is a site-
specific state-of-the-art coupled time-dependent radionuclide transport model. 
Building the landscape model is the main task of the Landscape model set-up 
process, and involves both forecasting (of the connections in the landscape 
model) and transport modelling activities. 
4. In the Radionuclide transport modelling process, resulting release rates of 
radionuclides to the biosphere from the geosphere modelling are assessed. A 
graded three-tiered approach will be applied. Tier 1 and 2 involve conducting 
generic evaluations to screen out radionuclides that have insignificant 
radiological consequences, using two levels of inherent pessimism, and Tier 3 is 
based on the landscape model. The main task of this process is to produce time-
dependent radionuclide-specific spatial activity distributions in all biosphere 
objects. 
5. The resulting activity concentrations from the radionuclide transport modelling 
constitute the basis for assessing potential radiological consequences to humans 
and other biota. Assessing these consequences and putting them into the context 
of regulatory requirements are the main tasks in the Radionuclide consequence 
analysis process.  
The work performed within the BSA components (Figure 1-4) will contribute to the 
safety case, often to more than one of the main safety case reports (Figure 1-3). To 
illustrate the relationship between the BSA and the safety case, Table 1.1 indicates 
where the five major components of the BSA significantly contribute to the main 
safety case reports. 
                                                          
1
 The homogeneity requires that within the segment, the variation in properties may not affect significantly to the parameter values 
of the respective object(s) in the radionuclide transport modelling and in the radionuclide consequence analysis, and that, on the 
other hand, the size is within the margins in which the inherently heterogeneous distribution of radionuclide concentration within the 
object becomes insignificant in the dose calculations as the exposure by an individual averages over these variations in the cause of 
the exposure (e.g. the size of a forest object is sufficient to produce only the annual food demand of about one person; to gain the 
maximal ingestion dose from edibles in a forest object, an individual must gather food all around the object, as is on the other hand 
required by the pessimism rules of the dose assessment). 
16 
 
 
Figure 1-4. Stylised illustration of the Biosphere assessment process. The five major 
components are marked in bold; the main activities (bold text under the components) 
are indicated by colours in the components. Selected key inputs and links are also 
included, especially regarding hydrological modelling.  
 
 
Table 1-1. Main contributions from the five major components of the BSA to the main 
reports in the safety case. 
 
BSA component(1)  BSD TESM LSM Set-up RNT Modelling RCA Safety case main report 
Description of the disposal system X     
FEPs X    X 
Formulation of scenarios  X    
Models and data X X X X X 
Analysis of scenarios  X X X X 
Complementary considerations    X  
Summary X X X X X 
(1) 
BSD (biosphere description), TESM (terrain and ecosystem development), LSM (landscape model), RNT (radionuclide transport) and 
RCA (radiological consequence analysis); FEPs (features, events and processes) 
 
The biosphere assessment also contains other important features, complementary to the 
main components described above. 
Biosphere calculation cases 
Each component in Figure 1-4 contains sources of uncertainties. In order to assess the 
impact of main uncertainties, a set of biosphere calculation cases will be derived. The 
cases will be categorised according to variants of exposure pathways, based on 
identifying main uncertainties in the forecasting and transport modelling activities 
(Figure 1-4). Future human activities (FHA) can be included or not in the build-up of 
exposure pathways. On top of this, uncertainties in selected parameter values in the 
radionuclide transport models will be explored. The propagation of uncertainties 
through the biosphere assessment is discussed also in the thematic considerations of 
Chapter 14. 
 
Safety indicators 
In addition to quantities of direct use in the compliance assessment, the biosphere 
assessment produces results relevant to building understanding of, and confidence in, 
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the outcome of the analysis. These are called safety indicators and complementary 
safety indicators. Safety indicators have the main role of supporting the quantitative 
compliance assessment, and complementary safety indicators have the main role of 
increasing the confidence that the understanding of the behaviour of the biosphere is 
adequate. 
 
Two safety indicators are derived, based on indicative stylised well scenarios: one for a 
drinking water well and one for an agricultural well. The drinking water well is similar 
to the applied well scenario in previous safety assessments (Vieno 1994, 1997, Vieno & 
Nordman 1996, 1999, Broed et. al 2007, Nykyri et al. 2008). The agricultural well is 
extended to also include watering cattle and irrigation of crops, and has earlier only 
been used in the KBS-3H safety studies (Broed et al. 2007). 
 
Other complementary safety indicators are also calculated, such as activity inventories, 
retained fractions and environmental activity concentrations for chronic releases. 
 
Reporting the biosphere assessment 
 
The Biosphere Assessment Portfolio was introduced in the Safety case planning report 
(Vieno & Ikonen 2005), and revised in Ikonen (2006). As discussed above, the 
biosphere assessment is now conceptually fully integrated into the safety case, but the 
biosphere assessment component has been retained for practical reasons. This means 
that the reporting of the biosphere assessment will continue to mainly follow the 
Biosphere Assessment Portfolio in Ikonen (2006), with a few modifications due to new 
features in the overall Safety Case Portfolio (Posiva 2008). The biosphere assessment in 
2009 will produce four main reports, and several supporting reports, briefly described as 
follows:  
 
Biosphere description report (BSD-2009, this report). The BSD-2009 report documents 
the up-to-date scientific synthesis of the current state of the surface environment and the 
main features of the past evolution at the site. Furthermore, it provides conceptual 
ecosystem models and assessment data to support the subsequent biosphere assessment 
process components. The BSD-2009 is an update of Olkiluoto Biosphere description 
report 2006 (Haapanen et al. 2007), and will be further updated in 2011. 
 
Terrain and ecosystem development model report (TESM-2009). The TESM-2009 
provides the up-to-date scientific synthesis of the expected evolution of the surface 
systems over the period for which the dose-based constraints apply. The TESM-2009 is 
an update of TESM-2006 (Ikonen 2007b), and will be further updated in 2011. 
 
Radionuclide transport and dose modelling in biosphere assessment in 2009. This 
report documents the conceptual and mathematical models and key data used in 
landscape modelling, radionuclide transport modelling, and radiological consequence 
analysis. The report also provides the basis for understanding the behaviour of the 
landscape model, by calculating results for stylized releases, such as chronic and pulse 
releases, into the biosphere. Key supporting reports are detailed model and modelling 
tools reports, such as Avila & Pröhl (2007), Avila & Bergström (2006) and Åstrand et 
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al. (2005). This report is an update, and extension, of the similar report produced for the 
KBS-3H safety studies (Broed 2007), and will be further updated in 2012. 
 
Biosphere assessment summary report (BSA-2009). This report presents the biosphere 
calculation cases and applies them to the relevant geosphere release rates from the 
RNT-2008 report (Nykyri et al. 2008). Furthermore, the fate of the hypothetically 
released radionuclides and the radiological consequences to humans and other biota are 
discussed. In addition, the BSA-2009 report summarises the three above-mentioned 
main biosphere assessment reports. The BSA-2009 report is an update, and extension, 
of the similar report produced for the KBS-3H safety studies (Broed et al. 2007), and 
will be further updated in 2012. 
 
Biosphere assessment regarding operational safety and environmental impacts 
 
The biosphere assessment considers mainly the so-called long-term safety, i.e., the 
performance of the repository and fate of possible releases from the emplaced disposal 
canisters in the time frame from the emplacement of the first canister to several 
millennia. However, the same characterisation activities, data and understanding of the 
ecosystems are useful also in the considerations of environmental impacts of the entire 
disposal programme and the so-called operational safety, i.e. radiological safety of the 
staff and public during the nuclear waste transport, encapsulation and final 
emplacement. These aspects, however, are not explicitly considered in this report but 
are left to the more appropriate context. 
 
1.2.5  Ecosystems characterisation strategy 
Ecosystems characterisation is an iterative process aiming to achieve an adequate site 
understanding, in order to evaluate the appropriateness of different models and of 
preliminary data to the site, and subsequently to provide data of sufficient scope and 
quality to underpin the safety case development. Due to the iterative nature of the safety 
case, not all needs can be known beforehand but they emerge also on the changes in the 
relative impact of the uncertainties both in the data and in the understanding of the 
system being analysed. At Olkiluoto, both the nuclear power plant and construction 
work within the repository programme also necessitate environmental monitoring that 
produces significant amounts of data, but due to different aims and purposes of these 
studies, not all these data can be fully used in the ecosystems characterisation, and even 
to a smaller degree in the assessment modelling. 
Ideally, a totally exhaustive characterisation of the properties and processes of the 
ecosystems could be taken as the aim. However, with limited resources that can never 
be achieved, neither is it necessary to achieve to present a sufficient safety case. The 
extent of the ecosystem characterisation efforts needs to be in reasonable relation to the 
overall repository programme, the significance to the safety of the spent fuel disposal 
and the regulatory requirements. In practice, this means continuous improvement at a 
moderate level (i.e., reasonable in the context of overall repository programme) in 
ecosystems characterisation and other biosphere considerations, focusing on key issues 
that have significant safety relevance. Identification of key issues is not a 
straightforward task, but an iterative process, preferably done with feedback from the 
regulator and other stakeholders. 
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For gaining a basic understanding of the ecosystems and long-term transport processes 
usually relatively inexpensive survey methods provide a good basis. However, in the 
current stage of the repository programme, preparing for the construction licence 
application, the need for site-specific assessment data is pronounced. The main 
remaining data gaps are associated mostly with expensive and difficult methods of 
acquiring the site data, directly or indirectly (experiments, analogues). For successful 
planning of such campaigns, good site understanding is vital. Since the models will 
change conceptually based on new knowledge gained from the site, the data 
requirements will also change from time to time. Also, regulatory requirements and 
external data (such as dose factors) may change and cause change in priorities. Thus 
limiting the site work only to the essential would not be very long-sighted. 
Consequently, the planning and targeting of key issues is done for a few years at a time, 
and the scheduling of the most expensive work at the optimal stage of the repository 
programme is important in order to keep the costs at a reasonable level. In addition, in 
order for the ecosystems characterisation to contribute significant improvement in the 
subsequent assessment modelling, the data needs to be delivered well in time for the 
assessment. 
The approach to ecosystems characterisation is, from the beginning, to target the studies 
on phenomena (processes) and factors that most affect the outcome from assessment 
models; the most important source of guidance in this targeting is the results from the 
uncertainty and sensitivity analyses of the radionuclide transport models included in the 
landscape model. This approach also means that the outcome from previous 
assessments, especially the radiological consequence analysis, provides guidance as to 
which radionuclides are most relevant for long-term safety; thus guiding the ecosystems 
characterisation regarding which elements and radionuclides to focus on in order to best 
improve the accuracy of, and confidence in, the outcome of the biosphere assessment. In 
practice, this biosphere description is based on the needs of modelling as improved 
based on the previous Biosphere description report, and the bulk of the new 
understanding gained during the present process can be digested into the subsequent 
models only after the 2009 assessment – although some of it has been already been 
conveyed to the most recent model development activities. 
With the Olkiluoto site, there is the additional challenge of post-glacial land uplift 
continuously changing the landscape and conditions. Due to the ecologically very long 
time window for quantitative biosphere assessment, all the ecosystems characterisation 
has to be considered in the context of development from a coastal into an inland site. 
Given the land uplift development and the flat topography, terrestrial ecosystems play a 
significant role in the biosphere assessment and need to be characterised. Currently, 
mires, active agricultural areas and lakes are lacking from the site, and a larger 
Reference Area is needed to find suitable analogues for potential future conditions at the 
site. This work has been recently started through collating literature information, as 
summarised in this report. Similarly, during the overall characterisation little data has 
been acquired in some key nuclides and their chemical analogues – the programme is 
currently shifting focus from the general characterisation to these assessment-driven key 
issues. In the interim, information from other programmes of similar sites (SKB) or 
literature will be utilised. The issue of using site and generic data is discussed also 
within the thematic considerations of Chapter 14 in this report. 
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1.3  This report 
In order to demonstrate compliance with the regulatory long-term radiation protection 
requirements, as well as the suitability of the disposal method and site, the safety 
analysis shall include (STUK 2001): 
 Description of the disposal system 
 Functional description of the disposal system by means of conceptual and 
mathematical modelling and the determination of the input data needed in these 
models 
 Analysis of the potential future evolutions of the disposal system 
 Analysis of resulting doses radionuclides that enter to the biosphere 
 
This Biosphere description report, which is one of the main reports in the 2009 
biosphere assessment, is an important document for the above-mentioned items to be 
included in the safety analysis. The Biosphere description report provides the 
description, also functional, of the biosphere component of the disposal site, by means 
of scientific synthesis of the current state of the surface environments and the main 
features of the past evolution at the site. It also increases the common understanding of 
the surface environments at the site. In addition, the Biosphere description report 
supports the analysis of the potential future evolutions and assessment of resulting 
radiological consequences by:  
 Supporting the modelling of terrain and ecosystems development, as well as the 
process descriptions 
 Supporting the selection of site-specific parameter values and distributions in the 
transport analyses of radionuclides. 
 
Following from this scope, the Biosphere description report does not explicitly discuss 
on the operational safety of the nuclear waste facility or on environmental impacts of 
the repository programme, except to the extent the latter might affect to the correct 
interpretation of the site data in the context of the long-term safety. The information 
presented, though, is generally useful in these applications, too.  
 
The first Biosphere description report (BSD-2006) was published in early 2007 
(Haapanen et al. 2007). After the present one, a third report is due in 2011 to support the 
nuclear construction licence application in 2012. 
 
Other synthesis reports concerning, among other things, the biosphere of Olkiluoto are 
the Olkiluoto baseline description (Posiva 2003a), Olkiluoto site description (Posiva 
2005), and its update (Posiva 2009). The Biosphere description report and the Olkiluoto 
site description report overlap, but the focuses differ: The latter concentrates on the 
conditions in the repository volume, i.e., in the bedrock, and information on the surface 
environment there serves the purpose of analysing the effects to the deep groundwater 
flow and related hydrogeochemistry, which are mediated by infiltration of the rainfall 
into groundwater. In the biosphere description the focus is on the needs of the biosphere 
assessment discussed above; how will the site change prior the possible releases get 
from the repository to the surface system, and how the releases would be transported 
and accumulated in the ecosystems. The surface and near-surface hydrological 
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modelling is the link across these biosphere-geosphere and geosphere-biosphere 
interfaces, and thus it has been summarised in both reports. 
 
The temporal coverage of this report is from the initial post-glacial emergence of land in 
the area to the emplacement of the first canister in 2020. This needs to be considered in 
the light of the expected future of the repository site, as discussed in the beginning of 
section 1.2.4. Geographically the emphasis is on the potential future discharge areas of 
deep groundwater from the repository, but, in the case of Olkiluoto, this implies 
studying the whole area.  
 
The description of the biosphere involves multiple disciplines. The ecosystems 
concerned here are terrestrial, aquatic and littoral, further divided into ecosystem 
elements. In addition to the actual ecosystem elements, the factors affecting the 
biosphere (climate, deposition, topography and its development, and land use) are 
described. The interdisciplinary work was facilitated and understanding increased 
among the authors by arranging eight full meetings, many of which included a field trip. 
Furthermore, sub-group meetings concerning ecosystem modelling or GIS analyses 
were held.  
 
Due to the extensive work required for the biosphere assessment and the similarity in 
sites to be modelled, it has been deemed beneficial to have close cooperation between 
Posiva and Swedish Nuclear Fuel and Waste Management Co (SKB) in order to 
enhance the use of resources. The work related to biosphere description has thus been 
closely followed, and a joint meeting was held in the summer of 2007. The work carried 
out by SKB is presented for example by Lindborg et al. (2008). 
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Figure 1-5. Main structure of this report.  
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In the previous version of the biosphere description, the main emphasis was on the 
description of the current biosphere using the results from each sector. The reporting 
was not structured in such a way as to facilitate use of the information in radionuclide 
transport modelling. This report, however, is meant to serve the modelling work more 
straightforwardly, and has therefore been divided into five parts: Introductory (Chapters 
1-2), Part A: Description of present conditions and summary of site/regional data 
(Chapters 3-9), Part B: Features and processes, ecosystem modelling (Chapter 10), Part 
C: Application in biosphere assessment (Chapters 11-13) and Concluding part (Chapter 
14). Originally, data recommended for use in modelling work was to be presented in 
Part C or its appendices, but due to the very large amount of information available, 
these data are now presented in a separate Working Report (Ikonen et al. 2009a). The 
main structure of the report is illustrated in Figure 1-5. 
 
The monitoring activities in the environmental monitoring plan (Posiva 2003b) have 
produced plenty of data, published in several working reports and memoranda. 
Compared with the previous version, longer periods of monitoring data are available. 
Also, new investigations have been carried out and new analyses added to the 
programme, many of them originating from proposals made in the previous report. 
Furthermore, compared with the previous version, agriculture, freshwater bodies and 
mires are now more thoroughly described. Although the results presented herein are 
based on extensive sets of measurements, the methodology, monitoring sites and 
detailed data are mentioned only briefly and references to the corresponding Posiva 
Reports or Working Reports are given. 
 
The construction of site-specific ecosystem models was started during the compilation 
of the previous version. Conceptual ecosystem models were presented for land and sea, 
and quantified whenever possible. This work was continued and here we now present 
more detailed models with quantification. More emphasis has also been put on the 
Knowledge Quality Assessment (KQA).  
 
Table 1-2. Priority classification of radionuclides, according to safety relevance for 
long-term safety (priority V nuclides are not included in the table). 
 
Priority I 
(top) 
Priority II 
(high) 
Priority III 
(medium) 
Priority IV 
(non-immediate) 
C-14 Mo-93 Ni-59 Pd-107 
Cl-36 Nb-93m Se-79 Sn-126 
I-129 Nb-94 Sr-90 Sb-126 
 Cs-135 Y-90  
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The main focus in this report is on the radionuclides assigned top priority in the 
biosphere assessment: C-14, Cl-36 and I-129 (Table 1-2). The priority grouping of 
radionuclides is based on their expected relevance for long-term safety using a simple 
screening evaluation applied on the calculation cases analysed in the biosphere analysis 
in the KBS-3H safety studies and the cases to be analysed from the RNT-2008 safety 
analyses (Nykyri et al. 2008). The radionuclides are divided into five priority classes. 
Top priority (I) is given to radionuclides that are expected to dominate the dose in the 
most realistic calculation cases. High priority (II) radionuclides may contribute 
significantly, or even dominate the dose, in one or a few calculation cases with lower 
likelihood. Groups III and IV include radionuclides that may have a significant release 
from the geosphere for a few calculation cases, but are expected to have a minor 
contribution to the dose (less than a few percent), and the division between the medium 
priority and non-immediately handled nuclides is based on their potential to rise into a 
higher priority class due to improvements regarding knowledge of nuclides in a higher 
priority class. Low priority (V) nuclides include the rest of the radionuclides in the spent 
fuel inventory; these are not expected to result in any significant health consequences 
during the time window of biosphere assessment. However, it‟s not excluded that some 
priority V nuclides might need attention in the biosphere assessment in some calculation 
cases, but with lower expected potential, such as Ra-226, Pa-231, Pu-239 and Am-243. 
The screening evaluation will be presented in detail in the report preliminary named as 
Radionuclide transport and dose assessment modelling in BSA-2009; a preliminary 
grouping of radionuclides is presented in Table 1-2.   
 
1.3.1  Model areas and study locations 
The study area for this report, the so called terrain and ecosystems modeling (TESM) 
area is shown in Fig. 1-6. Monitoring and investigations of terrestrial data have, 
however, been concentrated on Olkiluoto Island, and more specifically on the central 
parts the island. Concerning sea areas, there is a similar concentration on Olkiluoto 
offshore. However, acoustic-seismic soundings of seabed sediments, as well as water 
quality measurements, exist from a broader area. Plenty of generic GIS data have been 
acquired since the previous BSD report (Haapanen et al. 2007). Some objects are 
described beyond the TESM area, namely the rivers Eurajoki and Lapinjoki with their 
discharge areas, and a set of reference lakes and mires (Figs. 1-7 and 1-8), selected in a 
separate project (Haapanen et al. 2009). Within the lake and mire project, a larger study 
area, the so-called Reference Area, was delineated on the west coast of Finland (Fig. 1-
7), and it is used for regional descriptions in this report.   
 
The study locations of relevance to the descriptions given in this report are presented in 
Appendix A.  
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Figure 1-6. Delineation of the Olkiluoto Biosphere Site. Topographic database by the 
National Land Survey of Finland, map layout by Jani Helin/Posiva Oy. 
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Figure 1-7. Full Reference Area, with locations of lakes and mires selected as reference 
objects. CORINE Land Cover 2000 classification by Finnish Environment Institute. 
Map layout by Jani Helin/Posiva Oy. 
 
 
26 
 
 
Figure 1-8. Closer views to the lakes (left) and mires (right) selected as reference 
objects.  Data source: topographic database by the National Land Survey of Finland. 
Watersheds have been delineated using the database, as well. Map layout by Jani 
Helin/Posiva Oy. 
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2  REGIONAL CONDITIONS  
2.1  Global position 
Olkiluoto Island is located on the Southwestern coast of Finland, by the Bothnian Sea of 
the Gulf of Bothnia in the Baltic Sea (61° 14.166' N, 21° 28.995' E; Fig. 2-1). Finland is 
located on the Eurasian continent, on the Eurasian plate, lying in the centre of a stable 
rock area known as the Fennoscandian Shield. The Finnish Precambrian crust is mainly 
composed of crystalline rocks, granites, gneisses and primarily schists (Simonen 1990). 
The Finnish bedrock represents the oldest and the Quaternary sediments the youngest 
period in the history of Earth. The oldest granite gneisses are approximately 3,000 
million years old, and the bedrock was mainly formed to its present state for about 
1,400 million years ago. The sediments and soil in Finland were mainly formed during 
the Quaternary period when continental ice sheets repeatedly covered the Northern 
Europe. The Weichselian glaciation started approximately 115,000 years ago and ended 
at the transition to Holocene, ending in Finland 10,000–9,000 years ago (Donner 1995). 
The present relief of Finland is mainly determined by the bedrock – in the course of 
millions of years, weathering and erosion processes have worn down originally 
mountainous landscape to a low-lying peneplain. As the past glaciers have formed the 
Quaternary deposits, the majority of soils in Finland are developed on weakly sorted 
tills. However, at the former ice margins and melt-water rivers, the loose material has 
been efficiently sorted and deposited into various formations. Later, the succession of 
marine, lacustrine and terrestrial phases resulting from the post-glacial rebound of the 
crust has affected the soil particle size distribution and to some extent the mineral 
composition of the overburden (Aaltonen 1940).   
 
The main factor influencing Finland's climate is the geographical position between the 
60th and 70th latitudes in the northwestern corner of Eurasian continent. The climate in 
Finland has characteristics of both a maritime and a continental climate, depending on 
the direction of air flow. The mean temperature is several degrees higher than that of 
other areas in these latitudes, because of the warming effects of the Baltic Sea, inland 
waters and, above all, airflows from the Atlantic warmed by the North Atlantic Drift 
branching from the Gulf Stream. Finland belongs mainly to boreal coniferous forest 
zone with cool-temperate, moist climate, short growing season, moderate rainfalls and 
wintertime snow cover. The Finnish landscape is dominated by forests and mires (Fig. 
2-1). Agricultural fields cover only 7% of the land area and are mainly concentrated in 
the clay areas near the coastline in the west, southwest and south.   
 
After the last glaciation, the first inhabitants came to the current Finnish territory 
approximately 10,000 years ago. Due to the geographical location and harsh climatic 
conditions, the population density has always been rather low and urbanisation started 
later than in Western Europe (Westerholm & Raento 1999, Simola 2006). Though most 
of the population now lives in urban regions, Finland still comprises a rural part of 
Europe with large areas of low urban influence and low human intervention. However, 
very little of Finland remains in a natural state. In addition to agriculture, there is a long 
history of forest use: practically all the forests show some signs of human interference. 
Furthermore, the majority of Finnish mires have been drained for forestry use or 
cultivation. The impact of human activities is slightly stronger in the south, where the 
majority of the population lives (Eskelinen & Hirvonen 2006, Simola 2006). 
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Figure 2-1. Tree cover percentage in Finland and surrounding areas and location of 
Northern Europe in relation to major biomes (small map top-left). Tree cover data: 
DeFries et al. (2000; Lambert Azimuthal Equal Area Projection); Topographical 
shadowing: ESRI Data & Maps; Biomes map: FAO Global Forest Resources 
Assessment 2000 (www.fao.org; WGS84). Map layout by Reija Haapanen/Haapanen 
Forest Consulting. 
 
2.2  Climate, meteorology and atmospheric deposition 
2.2.1  Regional climate 
In Southwestern Finland, the coastal areas are warmer than those inland due to the 
marine influence. The areas of Turku and Rauma have mean temperatures of over 
5.0
o
C, and the temperatures decrease towards the northeast (Fig. 2-2). Mean 
precipitation ranges spatially from 560 to 670 mm/y (Fig. 2-2) and the number of rainy 
days (>0.1 mm/d) from 166 to 210. The thickest snow layers are found in the northeast-
east. Southwestern and southerly winds are typical of the area, due to the cyclones that 
move anti-clockwise eastward. A typical direction for a storm is first S or SE and later 
(typically strongest) N. The thermal growth season begins on average on April 28 and 
ends by October 20. The sum of effective temperature is over 1,250 degree days. (Drebs 
et al. 2002, statistics from 1971–2000). Icing takes longer in large and deep lakes. 
According to Korhonen (2005), the average date of freezing of lakes between 1961 and 
2000 has been November 30, and the mean maximum ice thickness is approximately 50 
cm. The average date of break-up is April 30, and it is less affected by size parameters. 
According to Hyvärinen & Korhonen (2003), the duration of the ice period in the area 
of Kokemäenjoki-Saaristomeri-Selkämeri is 159 days/y.  
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Figure  2-2. The variation of some central climate factors in the Reference Area. Data 
from WORLDCLIM project (www.worldclim.org), averages for time period 1960–1990, 
except extreme temperatures are maximum and minimum monthly temperatures 
occurring within the period. Maps are shown in the Finnish Uniform Coordinate System 
YKJ/KKJ3. Map layout by Jani Helin/Posiva Oy.  
 
2.2.2  Regional deposition 
Atmospheric deposition have effects on soils and waters (e.g., eutrophication and 
acidification), and, consequently, flora and fauna. Due to successful implementation of 
sulphur (and nitrogen) emission reduction measures, sulphate deposition in Finland has 
decreased substantially from late 1980s to year 2000: 30% in Northern and up to 60% in 
Southern Finland. Nitrogen (NO3-N+NH4
-
N) deposition has also correspondingly 
declined since the end of the 1980s, but at a lower rate than that observed in the case of 
sulphate. Base cation deposition has also declined substantially, but this decline 
appeared to be levelling off in the 1990s. (Vuorenmaa 2006).  
 
The Finnish Forest Research Institute monitors the chemical composition of stand 
througfall and corresponding open area bulk deposition. Throughfall deposition is 
generally higher than that in the open for all the parameters except for nitrogen 
compounds. Sulphur deposition decreased in the early 2000s compared with 1990s, 
especially on the plots in Southern Finland. There was no corresponding decrease in the 
deposition of nitrogen compounds in either bulk deposition or in stand throughfall. 
Annual minimum and maximum values of open area deposition and stand throughfall 
during 2001–2004 are presented in Table 2-1. 
 
The major source of Cu and Ni emissions in Finland is a Cu-Ni smelter located in 
Harjavalta, about 30 km northeast from Olkiluoto. The copper smelter started operating 
in 1945, followed by a nickel smelter in 1959.   
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Table 2-1. Highest and lowest values of annual stand throughfall and open area 
deposition in Finland in 2001–2004 (Lindroos et al. 2007). N or S = station is located 
in North or South Finland. Stand throughfall comprises both Norway spruce and Scots 
pine plots (12 locations). Open area deposition is generally lower, except for nitrogen 
compounds. 
 
 Open area Stand throughfall 
Parameter Min Max Min Max 
Precipitation, mm/y 278 (N) 822 (N) 191 (N) 731 (N) 
SO4-S mg/m
2
/y 81 (N) 320 (S) 94 (N) 507 (S) 
Total S mg/m
2
/y 90 (N) 331 (S) 106 (N) 557 (S) 
NH4-N mg/m
2
/y 18 (N) 228 (S) 5 (N) 221 (N) 
NO3-N mg/m
2
/y 32 (N) 217 (S) 24 (N) 183 (S) 
Total N mg/m
2
/y 62 (N) 456 (S) 60 (N) 572 (N) 
Ca mg/m
2
/y 37 (N) 203 (S) 72 (N) 384 (S) 
Mg mg/m
2
/y 19 (N) 101 (N) 27 (N) 160 (S) 
K mg/m
2
/y 17 (N) 110 (N) 117 (N) 1772 (N) 
Na mg/m
2
/y 41 (N) 501 (N) 81 (N) 647 (N) 
Cl mg/m
2
/y 59 (N) 814 (N) 92 (N) 1092 (N) 
DOC mg/m
2
/y 420 (N) 2324 (S) 1982 (N) 9345 (S) 
 
 
The major anthropogenic sources of radionuclides in Finland originate from the 
Chernobyl fallout in April 1986 (Fig. 2-3). The deposition of Cs-137 was very unevenly 
distributed in Finland due to differences in rainfall conditions (Ilus & Saxén 2005). The 
fallout at Olkiluoto can be calculated from monitoring data (Ikonen 2003, Roivainen 
2005), when needed. In addition to the Chernobyl accident, nuclear weapons tests have 
produced fallout. This fallout has been reported for the Finnish area by STL, Institute of 
Radiation Protection (later STUK – the Finnish Radiation and Nuclear Safety Authority; 
STL 1977, 1979, 1980a, 1980b, 1982a, 1982b, 1983 and 1984, in which the monitoring 
network is also shown), and globally by UNSCEAR, United Nations Scientific 
Committee on the Effects of Atomic Radiation (for example UNSCEAR 2000). 
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Figure 2-3. Caesium-137 fallout of Chernobyl origin in Finland in 1986 (Arvela et al. 
1989) and as decay-corrected for 2006.  Background map by Baltic GIS portal 
(gis.ekoi.lt) and Topographic database by the National Land Survey of Finland. Map 
layout by Jani Helin/Posiva Oy. 
 
 
2.2.3  Past climate and vegetation 
The climate of the last 500,000 years has varied from glacial to interglacial conditions 
with a strong, approximately 100,000 year cyclicity (EPICA community members 
2004). Within the glaciations the climate varied from cold periods, stadials, to relatively 
warm periods, interstadials, that lasted several hundreds or thousands of years. During 
the cold stadials ice sheets usually grew and during the warmer interstadials ice sheets 
usually shrank. In Figure 2-4 glacials, interglacials, stadials and interstadials of the last 
150,000 years are marked on a timeline along with the marine isotope stages (MIS). 
MIS are warm and cool periods of the past, derived from the oxygen isotope data of the 
deep ocean core samples. 
 
In Scandinavia, evidence for the impact of glacial advances is obtained from the most 
recent glaciations, the Saalian (MIS 6) and the Weichselian (MIS 5d-2). During the 
Saalian, which began about 200,000 years ago, an ice sheet covered the whole 
Fennoscandia and large parts of the North Eurasia. Over Olkiluoto the ice sheet was 
about 2.5 km thick. The Saalian glacial was terminated by the Eemian interglacial (MIS 
5e) about 130,000 years ago. During the Eemian interglacial the climate warmed 
rapidly, leading to the Saale ice sheet retreating and Finland becaming ice-free. 
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However, due to isostatic depression of the crust, large parts of West and South Finland 
(including Olkiluoto) were submerged in the saline Eemian Sea (Fig. 2-5). Eemian air 
temperatures at Olkiluoto were 4 to 5°C higher than at present (Eronen & Lehtinen 
1996), and the global sea level is estimated to have been 4 to 6 m higher (Jansen et al. 
2007). 
 
Figure 2-4. Glacials, interglacials, stadials and interstadials (according to Behre and 
van der Plicht (1992) and Mangerud (1991)) of the last 150,000 years along with the 
marine isotope stages (MIS) and a curve of a stack of 57 globally distributed benthic 
δ18O marine records, a proxy for global ice volume: downward trends reflect increasing 
ice volumes on land. Modified from Jansen et al. (2007). 
 
33 
 
The Eemian interglacial ended by a rapid cooling of climate about 117,000 years ago, 
and the Weichselian glaciation started. During the Early Weichselian stadials MIS 5d 
and MIS 5b (Fig. 2-4), Northern Fennoscandia became covered by ice. Most of the 
Southern Finland, however, remained ice-free during the Early Weichselian with very 
cold (arctic) tundra conditions prevailing. According to numerical ice sheet model 
simulations of Siegert et al. (2001), the margin of the Scandinavian ice sheet extended 
to parts of the Finnish west coast and the maximum ice sheet thickness over Olkiluoto 
area was 250 m. The Early Weichselian stadials MIS 5d and MIS 5b were separated by 
a warmer interstadial MIS 5c, and the stadial MIS 5b was followed by a warmer 
interstadial MIS 5a. 
 
At the beginning of the Middle Weichselian (MIS 4, approximately 70,000–60,000 
years ago), the climate cooled, and the Scandinavian ice sheet spread over most of the 
Fennoscandia. After the cold stadial MIS 4, the glacier retreated at least from Southern 
Finland. During a warmer MIS 3, the climate varied from interstadial to stadial 
conditions (Fig. 2-4) and ice-free conditions with tundra type vegetation prevailed in the 
Southern and Central Finland for several thousands of years (Ukkonen et al. 1999, 
Saarnisto & Lunkka 2004).  
 
During the coldest stage of the last glaciation (MIS 2, approximately 20,000–18,000 
years ago), the Scandinavian ice sheet grew to its maximum during the Weichselian. 
Over the Olkiluoto area, the ice sheet was a maximum of 2–2.5 km about 20,000 years 
ago (Siegert et al. 2001), and the mean annual surface-air temperatures were in 
Olkiluoto around -20°C (Siegert et al. 1999). After the glacial maximum, about 18,000 
years ago, the climate warmed and the glaciers started melting fast until the Younger 
Dryas stadial (about 12,700–11,500 years ago), when the retreat of glaciers stopped for 
an approximately 1,000 years period. After the insolation maximum of the Northern 
Hemisphere 11,500 years ago, the climate warmed so much that the Earth entered the 
current interglacial, the Holocene. 
 
Figure 2-5. Scematic figure of the Eemian Sea modified from Funder et al. (2002). Map 
projection not reported. 
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The Baltic Sea experienced rapid and extreme changes as the Scandinavian ice sheet 
retreated (see Fig. 2-6). About 12,600–10,300 years BP a fresh water lake, the Baltic Ice 
Lake, was gradually formed in the Baltic Sea basin. As the Scandinavian ice sheet 
retreated from Central Sweden about 10,300 years BP, straits opened from the Baltic 
Sea basin to the ocean. This started the brackish water Yoldia Sea stage. Due to isostatic 
land uplift the straits closed up about 9,500 years ago and the Yoldia Sea became the 
fresh water Ancylus Lake. At the end of the Yoldia Sea stage, about 9,500 years BP, the 
Scandinavian ice sheet retreated from the Olkiluoto area, however, the area remained 
depressed from the weight of the ice sheet and was submerged for about 6,000 years. 
The Ancylus Lake became Litorina Sea (Fig. 2-6; Table 2-2) about 7,500 years BP 
when the eustatically rising ocean levels broke through the Danish Straits (Björck 
1995). After this, the Baltic Sea turned little by little to a brackish water body. 
 
The isostatic adjustment continued and the Olkiluoto area emerged from the sea 2,500-
3,000 years BP. During that time the development of the present vegetation, with 
characteristic vegetation type, Scots pine and Norway spruce, was already complete 
(Eronen & Lehtinen 1996, Kakkuri & Virkki 2004). 
 
Temperature oscillations have occurred at Olkiluoto also during the last 3,000 years. For 
example, the climate was on average warmer in the „Medieval warm period‟ between 
years 1,000 to 800 years BP. A colder period, the „Little Ice Age‟, prevailed between 
years 400 to 150 BP. During the last 150 years, the global mean temperature has 
increased by approximately 0.8°C (IPCC 2007), and, over the same period, the mean 
annual temperature of Finland has risen by ca. 1°C. 
 
Figure 2-6. Scematic figure of the Baltic Sea development a) Baltic Ice Sea, b) Yoldia 
Sea, c) Ancylus Lake modified from Björck (1995) and d) Litorina Sea modified from 
Eronen (1990). Map projection not reported. 
 
Table 2-2. Phases of the evolution of the Baltic Sea according to Salonen et al. (2002).  
 
 Phase Calibrated 14C dating, BP BC 
Ancylus Lake 10,800–8,500 (8,000) 8,850–6,550 (6,050) 
Litorina Sea 8,500–3,000 6,550–2,050 
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2.2.4  Future climate change 
Projected changes of temperature and precipitation for the 21st century in Southern 
Finland from Jylhä et al. (2009) are illustrated in Figure 2-7. The projections are 
averages of results from 19 climate models for the SRES scenarios A2, A1B and B1. 
SRES scenarios are emission scenarios developed by Nakicenovic et al. (2000), and 
used as a basis for the IPCC (2007) climate projections. The A2 is a consume society 
scenario where the world‟s population will grow fast. In the B1 scenario, the world‟s 
economy will aim at sustainable development and the growth of the world‟s population 
will calm down. The A1B is a scenario in between A2 and B1. The CO2 emissions of 
the A2, A1B and B1 scenarios are illustrated in Figure 2-8.  
 
During the current century, temperature and precipitation are projected to increase at 
Olkiluoto, with the increase being greatest in winter. The rate of projected climate 
change depends on greenhouse gas emissions and on the climate model (Jylhä et al. 
2009). Until 2040, the temperature and precipitation increase in the Southern Finland 
approximately at the same rate in all scenarios. At the end of the current century, the 
differences between the scenarios grow (Fig. 2-7). The variation of the projections of 
temperature and precipitation in different models is seen in the large range of the grey 
bars indicating the 90% probability range. According to Ruosteenoja (2003), changes in 
relative air humidity seem to be small; less than 5% during the 21st century. 
 
According to Loutre & Berger (2000), a glacial episode is not expected to begin within 
the next 30,000 years even under a natural atmospheric CO2 regime. It is estimated that 
sustained high atmospheric greenhouse gas concentrations may further delay the onset 
of the next glacial period (Loutre & Berger 2000, Archer & Ganopolski 2005). Climatic 
scenarios for the next 100,000 years in Olkiluoto are being explored in an ongoing 
project in cooperation with the Finnish Meteorological Institute.   
 
 
 
Figure 2-7. a) CO2 emissions of the SRES scenarios A2, A1B and B1. Projected 
changes of annual b) mean temperature and c) precipitation for the 21st century related 
to the period from 1971 to 2000 in Southern Finland. The projections are averages of 
results from 19 climate models (Jylhä et al. 2009) for the emission scenarios A2, A1B 
and B1. The grey bars at right indicate the best estimate (solid line within each bar) and 
the 90% probability range for the 2070–2099 period. 
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2.3  Topography and shoreline displacement 
2.3.1  Terrain and sea bottom 
The Baltic Sea and its gulfs occupy a depression in the Fennoscandian Shield. Thus, the 
bedrock and the landforms determined by it are very similar on both the sea bottom and 
the adjacent land. As a result of post-glacial uplift, extensive areas on the coast exhibit 
features typical of a former sea. Thick clay deposits smooth the morphology of bedrock 
and the till covering it in a blanket of varying thickness.  
Part of the Bothnian Sea and its rim is exceptionally flat as composed of sedimentary 
rocks (Jotnian sandstones). Sandstone areas are located in a rift valley directing to 
northwest-southeast and are thus sheltered from erosion. The 1,250–1,270 million years 
old Post-Jotnian olivine diabases on Satakunta form extensive dykes and sills cutting 
the Svekofennian bedrock, the Rapakivi granites of Laitila and the Jotnian sandstones 
(Hämäläinen 1987). 
 
 
Figure 2-8. Topography and bathygraphy of the Reference Area. Data: Baltic GIS 
portal (gis.ekoi.lt). Map layout by Jani Helin/Posiva Oy.  
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Generally, the Bothnian Sea has very few islands. The coastal landscape of the 
Olkiluoto Reference Area (Section 1.3.1; Fig. 2-8) is diverse, though. The archipelago 
zone narrows towards the north. The Bothnian Sea is at its widest around the latitudes of 
Pori, some 30 km north of Olkiluoto. The rivers that run to the Botnian Sea are small, 
and their effect on the coastal landscape is generally minor – an exception is the mouth 
of the largest river, Kokemäenjoki, in Pori. The coastal relief of the Bothnian Sea is 
smooth. In Southwestern Finland the coastal slope dips at an angle of 2–3° (Fogelberg 
& Seppälä 1986). Islands in Southwestern Finland are mainly rocky, encircled by a belt 
of till, with the lower parts covered with clay and silt. The flow directions of last 
glaciation are seen in capes, which go toward to NW or W-NW directions (Alalammi et 
al. 1990). 
The bedrock relief determines the relative differences in height throughout virtually the 
whole of S-SW Finland. The western part, about 1/3 of the Reference Area, is located 
less than 50 m above sea level (Fig. 2-8) and is characterised by small-scale variations 
in topography, with low hills and ridges separating valleys and few lake basins. The 
Esker Säkylänharju runs through the Reference Area in a NW-SE direction and in 
places it has an elevation of up to 100 m a.s.l.  
 
2.3.2  Seawater flows and quality 
The Baltic Sea is an inland sea, largely separated from the North Sea and Atlantic 
Ocean by the Scandinavian Peninsula, Denmark, and Danish islands. The western 
branch of the Baltic Sea is called the Gulf of Bothnia (shown in Fig. 2-8). It is further 
divided into Bothnian Bay (north) and Bothnian Sea (south), below which lies the Sea 
of Åland. The connection to the ocean is via narrow and shallow Danish Straits. The 
hydrography (salinity and temperature) of the Baltic Sea is affected by this limited 
connection, large freshwater input from rivers and precipitation and the shape and 
shallowness of the basin. The freshwater input is larger than evaporation; the excess 
waters flow via the Danish Straits to the North Sea. Water is stratified due to differences 
in salinity and temperature.  
The salinity of the Baltic Sea is much lower than that of the ocean water (which 
averages 35‰): the open surface waters of the central basin have a salinity of 6 to 8 ‰. 
In the bays with major freshwater inflows, the salinity is considerably lower. In the 
northern part of the Gulf of Bothnia the water is not salty and many fresh water species 
live in the bay. There is a permanent halocline (vertical salinity gradient) between the 
lighter, less saline water of the Baltic Sea, and the heavier saline water from the Atlantic 
Ocean, separating these layers from each other. This generally prevents the input of 
oxygen to lower layers of the water column. However, under certain, mostly wind-
regulated conditions, a pulse carrying oxygen-rich, heavy and salty surface water from 
the North Sea enters the Baltic Sea. This results in vertical mixing of water and hence 
oxygen penetration to deeper waters. It may take six months or longer before the 
increased salinity is seen at the Finnish coast. These pulses are, however, relatively rare. 
(www.fimr.fi).    
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The Bothnian Sea gets its water via the Sea of Åland and the Archipelago Sea (Fig. 2-
8). The currents in the Baltic Sea have an anti-clockwise direction. This means that the 
shallow Archipelago Sea with plenty of islands further regulates the quality of water 
reaching the coast of Southwestern Finland. High thresholds in Åland and the 
Archipelago Sea contribute to restrictions on the flow of deeper, nutrient-rich water to 
the north; the Archipelago Sea acts as a huge natural filter retaining the nutrient-rich 
waters. (www.saaristomeri.info). 
 
2.3.3  Land uplift and shoreline displacement 
Glacio-isostatic uplift was extremely rapid at the end of, and immediately after 
deglaciation (Lundqvist & Lagerbäck 1976, Lagerbäck 1990, Kuivamäki & Vuorela 
1994). The main uplift, still ongoing, acts slowly, and will decline approximately 
exponentially. This decline can be approximated to be constant in a scale of few 
thousand years (Lambeck & Chappell 2001). In addition to the land uplift, smaller 
differences in altitude are also caused by the vertical block displacements of the Earth‟s 
crust. These movements have lifted up some areas and depressed others, as is the case in 
the Lake Pyhäjärvi region in Satakunta (Alalammi et al. 1990).  
For the biosphere assessment of 2009, Vuorela et al. (2009) have reconstructed the 
future isostatic land uplift model of Påsse (2001), basically as in Påsse (1996a), and re-
evaluated and complemented the input data (Fig. 2-9). The crustal thickness is the 
dominant parameter controlling the future uplift (Vuorela et al. 2009, Påsse 1997), but 
the present uplift rate and the dated shore-level points are necessary for calculating the 
actual input parameters of the model, i.e., the spatially varying inertia and download 
factors. 
The changes in landscape patterns are mainly related to timescale and uplift rates (Påsse 
1996a, Ekman 1996, Vuorela et al. 2009). The present uplift rates in Southwestern 
Finland vary from 5 to 7 mm/y (Alalammi et al. 1995). During the next several 
thousand years, the bays surrounding the coastal areas of the Bothnian Sea will narrow 
and become isolated as lakes and further develop toward mires. The location of the 
coastline will shift by about 20 km in 6,000 years unless the sea level changes 
significantly (Mäkiaho 2005).  Ruosteenoja (2003), summarised estimates given in the 
literature on such sea level changes: for the  scenarios presented in Section 2.2.4 above, 
the average results indicate a sea level rise of some 0.4 m by the year 2100, with a range 
of 0.05–0.75 m. The post-glacial land uplift at Olkiluoto during that time would be 
about 0.6 m. The most recent data will be collated and model simulations made to 
address the climate change scenarios in the safety case within an ongoing project at the 
Finnish Meteorological Institute.
Due to land uplift, in coastal areas of the Botnian Sea, sea-bottom sediments are 
continuously emerging from the sea (Fig. 2-10), starting a rapid succession along the 
shores. The development of the shoreline will induce changes in local biosphere 
conditions, such as ecosystem succession, sediment redistribution (sedimentation and 
re-suspension/erosion) and groundwater flow. These will, in turn, influence the 
positions of potential deep groundwater recharge and discharge from the repository 
(Haapanen et al. 2007). 
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Figure 2-9.  On the left, locations of the local ancient shoreline and other dating points 
(blue) and regional sites (orange spots) where a shore-level displacement curve has 
been fitted to the local points (Vuorela et al. 2009). On the right, the crustal thickness 
(km ± about 10%) by Grad & Tiira (2008, 2009). Map projections not reported. Map 
layout by Arto Vuorela/Pöyry Environment Oy.  
 
 
 
Figure 2-10. Series of landscape situations at different historical phases starting from 
the presence of ice margin. Projected past coastline based on land uplift model data of 
Vuorela et al. (2009) and a digital elevation model by the National Land Survey of 
Finland (25 m resolution raster). Present lakes, rivers, coastline and main roads in the 
Reference Area are also shown (Baltic GIS portal, gis.ekoi.lt). Map layout by Ari 
Ikonen/Posiva Oy.  
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Furthermore, along shallow shores, the amounts of common reed are increasing due to 
human-induced eutrophication. This results in a faster apparent shoreline displacement 
than mere land uplift or changes in sea level would yield (Miettinen & Haapanen 2002).  
The shoreline displacement is further accelerated by the deposition of materials 
transported by sea water, ice and rivers. 
 
 
2.4  Geological features 
2.4.1  Bedrock  
A rough presentation of the composition of bedrock in the Reference Area is shown in 
Fig. 2-11. Till reflects the chemical composition of the underlying rocks, allowing the 
division into distinct geochemical provinces, according to the co-occurrence of 
elements. The Reference Area includes components from four main geochemical 
provinces: 1) the sandstone area of Satakunta (in the area of dolerite and related mafic 
rocks in the map), 2) Rapakivi granite areas of Southern Finland, 3) the volcanic-
sedimentary belt of Southern and Southwestern Finland and, to some extent 4) the 
highly metamorphic zone of Southern Finland. In Rapakivi granite, fluorine occurs in 
concentrations high enough for nutritional sufficiency. Concentrations of uranium and 
thorium are above average as well, and may have harmful environmental effects 
through exposure to radon (Koljonen 1992).  
 
The differences in the nature of the bedrock affect the deposits and the thickness of the 
layers in the overburden. Bedrock outcrops are common in the Rapakivi granite area, 
whereas in the sandstone area, the surface is even, glacial deposits are noticeably thicker 
than in the adjacent areas and rock exposures are lacking. Bedrock composed of diabase 
is generally covered with a weathered crust. (Lindroos et al. 1983). 
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Figure 2-11. Composition of bedrock in the Reference Area. The map is based on that 
presented by Papunen & Gorbunov (1985; in Koljonen 1992). Map is shown in the 
Finnish Uniform Coordinate System YKJ/KKJ3. Map layout by Jani Helin/Posiva Oy. 
 
 
2.4.2  Overburden   
General 
 
In Finland, as in glaciated areas in general, a well-defined interface is found between the 
bedrock and overlying sediments. The Quaternary deposits were mainly formed during 
the last glaciation or thereafter as a result of various geological processes. The material 
derives from the bedrock, plant remains or precipitates of compounds dissolved in 
water. Surficial deposits in Southwestern Finland comprise of tills and hummocky 
moraines, gravel, sand and clay deposits, glaciofluvial deposits (eskers, ice-marginal 
formations), river deposits and peatlands (Table 2-3). Bare bedrock outcrops are typical, 
as well. 
 
Basal till was carried in the base of the glacier and laid down under it. Looser ablation 
till was released from the surficial parts of the melting ice sheet. End moraines were 
deposited at the margin of continental ice sheet. (Kujansuu & Niemelä 1990).  In the 
Reference Area (Section 1.3.1), the glacial till is sandy till. The sand content is 
especially high in the tills of the sandstone area, whereas in eastern regions the tills are 
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coarser. The main till formations in the Reference Area are small end moraines (DeGeer 
moraines). 
 
Eskers are formed in crevasses and tunnels in the continental ice sheet.  The orientation 
of eskers indicates the direction of meltwater flow. Deltas have developed in shallow, 
stagnant water in front of the ice margins and sandurs on dry land. (Kujansuu & 
Niemelä 1990). Topography of the bedrock significantly affects the accumulation forms 
of eskers. Eskers occurring on the coast very commonly have a submarine continuation 
(Kukkonen 1969). 
 
Marine and lacustrine deposits, silt and clay, are deposited on the bottom of seas and 
lakes from suspended material transported by water. (Kujansuu & Niemelä 1990). Clays 
are nutrient-rich, and have an ability to bind elements in soluble form (Koljonen 1992). 
Clay soil types cover about one-third of the soils in Southwestern Finland, whereas in 
other areas in Finland the proportion is under 1.5% (Lilja et al. 2006; Table 2-3 and Fig. 
2-12).  
 
Littoral forces have formed the landscape as well and ancient shores of various types are 
found, such as stony banks and sandy mounds (Lindroos et al. 1983).  
 
Table 2-3. The main soil landscapes and their proportion in Southwestern Finland 
(Lilja et al. 2006).  
 
Main soil scape Main soil type (e.g., FAO 1988) SW Finland , % 
Mud/gyttja soil types Gleysols 1.1 
Clay soil types Cambisols 31.5 
Fine-grained sand types Regosols 4.7 
Eskers (sand and gravel) Podzols 9.0 
Till soil types Podzols 20.4 
Peat soil types Histosols 3.8 
Bedrock Leptosols 28.8 
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Figure 2-12. Soil types in the discharge areas of rivers Eurajoki and Lapinjoki, and for 
the selected reference lakes and mires. Full Reference Area is not shown here so as to 
optimize the discernibility of soil types. Soil map: the Geological Survey of Finland. 
Catchment areas derived using the topographic database by the National Land Survey 
of Finland. Map layout by Jani Helin/Posiva Oy. 
 
Hydrogeochemistry 
 
The composition of till depends on the lithology and topography of bedrock, the 
erosion-resistance of the rocks, the variation in the direction of flow of continental ice 
sheets, and the type and amount of re-deposited drift. Most tills in Finland are of a 
sandy variety, poor in fines (Virkkala 1969). However, in some areas, especially in 
southern and southwestern parts, tills are rich in fines, silt and clay. Owing to large 
reactive surface area, the fine fraction has a considerable influence on the chemical and 
physical properties of till (Rose et al. 1979).  
 
Clay minerals can bind exchangeable cations and regulate their solubility in runoff 
waters (Wilson 1986). Except for the capacity of a soil to bind cations, the amount of 
base cations in soil depends on processes increasing (weathering, atmospheric 
deposition, human activities) or decreasing (leaching, plant uptake and harvest of 
plants) them.  
 
In soil solution, the presence of hydrogen ions activates cation exchange reactions 
between clay minerals, organic matter and root nodules. The uptake of base cations by 
plants results in natural acidification of soil, but in a natural environment this is 
compensated through decomposition of dead plant parts (Wiklander 1976, Rose et al. 
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1979, Matzner & Ulrich 1983). Base cations migrate to lower mineral soil horizons, 
groundwaters and surface waters. In acidic soils, the concentrations of soluble 
aluminium exceed those of base cations, thus initiating the buffering reactions of 
aluminium (Räisänen 1989). In neutral and slightly acidic soils (pH > 4.5) aluminium is 
insoluble in water (Bache 1974, 1985).  
 
The proportion of acid-extractable aluminium in the fine fraction of till is small (< 20%) 
and thus the readily dissolved amount is small. The proportion of acid-extractable iron 
in the fine fraction of till is fairly high (52%) indicating that iron is mostly incorporated 
in mafic silicates. The low abundance of calcium in the soils reflects the predominance 
of acid granitoids; contents are lowest in Rapakivi granites, in particular. In Finland, the 
highest contents of potassium are found in Rapakivi granite areas. Magnesium minerals 
weather easily, being removed from solution mostly into clay minerals and carbonates. 
On average, 90% of the total phosphorus in the fine fraction of till is acid-extractable. 
(Koljonen 1992).  
 
Sulphate, which is the dominant anion accompanying acid in the soil solution, is 
considered to be responsible for the accelerated leaching of cations from soils (Singh et 
al. 1980). The main processes by which sulphate is retained in soils are accumulation of 
organic matter, adsorption on solid surfaces and adsorption of aluminium sulphates and 
sulphur in metal sulphides (Stumm & Morgan 1981, Hartikainen & Yli-Halla 1985, 
Fuller et al. 1986). Sulphur is an important macronutrient, and organic sulphur 
constitutes a considerable proportion of the total sulphur content of most soils, 
especially in boreal forests, where organic matter decomposes relatively slowly.  
 
With some exceptions, forest ecosystems are extremely effective in retaining nitrogen 
within the system. Despite the large amounts of nitrogen (2,000–5,000 kg/ha) in forest-
floor soils in Finland, only about 1% of this is normally present in mineralized form 
(Nömmik 1968, Viro 1969). Nitrogen cycling in forest ecosystems is almost completely 
based on biological processes that are, in turn, regulated by the chemical and physical 
properties of the soil. Fungi, which are mainly responsible for decomposing organic 
matter, are important in maintaining tightly closed nitrogen cycle. The ability of soil to 
nitrify depends on several factors, of which the C/N ratio of the organic matter may be 
the most important (Grundersen & Rasmussen 1988).  
 
Kuusisto et al. (2007) have studied soil geochemistry of till, sand/gravel and clay in the 
Satakunta area. Most of the elemental concentrations showed a large, but natural 
variation due to heterogeneous bedrock and overburden. The highest concentrations 
were found in clays. Anthropogenic deposition was clearest for Pb (Harjavalta copper 
smelter) and Hg concentrations.  
 
Most groundwaters in Finland are found in poorly permeable till and clay deposits. The 
most suitable formations for groundwater are eskers with deltas and ice-margin 
formations. In the Reference Area, the groundwater is slightly alkaline and contains 
little iron and manganese; it therefore provides household water of good quality. The 
electrolyte contents are, on the average, greater than generally in Finland, usually due to 
thick clay layers. In a few wells in Eura and Eurajoki municipalities, saline groundwater 
has been met. (Lindroos et al. 1983). 
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Soil formation 
 
In Finland the predominant soil-forming process, podzolisation started on the surficial 
parts of mineral soil after the Weichselian glaciation, about 10,000–9,000 years ago in 
the supra-aquatic areas of Northern and Eastern Finland. In sub-aquatic areas, the 
podzolisation started when the land emerged from the water during the evolution of the 
Baltic Sea. Podzol develops best in porous, permeable sediments and is typically 
composed of horizons with a total thickness of less than half a metre. The formation of 
podzol is a slow process and may take centuries (Koljonen 1992). Figure 2-13 illustrates 
the main structures and processes of typical podzol soils.  
 
Acid sulphide clays 
 
Due to land uplift, sulphide-rich clay and silt sediments are commonly found in mid-
western and southwestern coastal areas at elevations between 0–45 m above the current 
sea level and, in extreme cases, even at 90 m a.s.l. (Erviö 1975, Palko 1994). Black, 
very sulphide-rich clays have been found to be associated only with the transition phase 
from Ancylus Lake to Litorina Sea, at the beginning of the Litorina Sea phase, and 
during its stage of highest salinity (9,000-7,000 years ago) (Ojala et al. 2007; Table 2-
2). 
 
Topographically, the sulphide-bearing sediments tend to be located in low-relief valleys 
that have a low hydraulic gradient and are easily subjected to inundation. As the acid 
sulphide clays are associated to certain deposition conditions, information of the 
shoreline locations is essential when classifying the recent soils or predicting the future 
soil types.  
 
When the sulphide-bearing sediment is drained, either due to natural uplift or ditching, 
sulphide minerals oxidise to sulphuric acid resulting in very acid soils (pH 2.5–4.0) and 
leaching of toxic metals to water systems. The large coverage of sulphide clays results 
in potential environmental problems, for example, mass deaths of fish (e.g., Palko et al. 
1985). In natural conditions, when the sulphide-rich layers are anaerobic (below the 
groundwater table), these soils are not harmful.   
 
Peat deposits 
 
Peat formation in the climatic conditions of Finland always requires the presence of 
water that reaches the ground surface or at least comes close to it. This situation can be 
created by multiple means including climate-induced processes and/or local secondary 
disturbances giving rise to three principal types (or their mixture) of mire formation; 
primary mire formation, paludification of forests and terrestrialisation of lakes. Peat 
initiation through river flooding has only minor significance. As many as two-thirds of 
the ancient paludification events in Finland may have been occurred after forest fire. 
Beavers may also have contributed locally to the onset of paludification (Korhola & 
Tolonen 1996).  
Most of the peatlands in Western Finland have been initiated on land uplift shores 
(Aario 1932, Brandt 1948, Huikari 1956). The general trend in the vegetation 
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succession of mires in the conditions prevailing in Southwastern Finland has been from 
minerotrophic sedge-dominated communities to ombrotrophic Sphagnum-dominated 
communities (Fig. 2-14; Aartolahti 1965, Tolonen 1967, Elina 1985, Heikkilä et al. 
2001, Kellner 2003). Finnish bogs increase in thickness by about 0.3–1.5 mm/y, and the 
highest rates have been found in young, coastal mires (Mäkilä & Grundström 2008). In 
later phases, the mires have expanded horizontally as well, leading to the formation of 
large, solid peat regions, which are relatively stable. See Haapanen et al. (2009) for a 
detailed description of mire development and the properties of mires in Southwestern 
Finland. 
 
 
 
Figure 2-13. Structure and horizons of a podzol profile. Owing to electrolytes dissolved 
from the eluvial horizon (A-horizon), the pH of the infiltrating water increases in the 
illuvial  horizon (B-horizon) and in the transition zone (between B- and C-horizons), 
precipitating aluminium, iron and silicon compounds. Cation exchange is most intense 
in the humus and eluvial horizons, and the chemical weathering of minerals in the 
transition zone and weakly altered parent material (C-horizon). Figure from Kähkönen 
(1996). Modified after Strahler (1970) and Jacks et al. (1984).  
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Figure 2-14. Mire succession from shore to inland ombrotrophic raised bog in 
Southwestern Finland (according to Aario 1932). Figure layout by Teea 
Penttinen/Pöyry Environment. 
 
Seabed sediments 
 
Glacial till accumulates mostly as various beds covering the sea floor more or less 
evenly or as moraines (Winterhalter 1972, Nuorteva 1988). The thickness of till is 
normally greatest on basin slopes (up to as much as 70 m) and thinnest on very steep 
slopes and in shallow areas (less than 10 m). The most significant types of glaciofluvial 
deposits occur as eskers. Eskers occurring on the coast very commonly have a 
submarine continuation. The thickness of submarine glaciofluvial deposits normally 
varies between 5 and 10 m (Nuorteva 1994). 
 
Glacial clays and silts consist of alternating coarser, mostly silty layers and finer clay 
layers that are generally interpreted to represent annual cycles (Nuorteva 1994). The 
late-glacial clays and silts were deposited conformably with the bottom topography so 
that, over wide areas, the stratigraphic thickness of these sediments is almost uniform 
(Ignatius 1959).  
 
At the commencement of the Litorina Sea stage, the sedimentation conditions changed 
rapidly. Postglacial sediments deposited after that time are depth controlled, and they 
are more restricted and much less abundant than glacial and late-glacial clays and 
silts. The areas where active sedimentation still continues are quite limited (Ignatius & 
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Niemistö 1971). Areas with active sedimentation have often been separately 
characterised as “recent” sedimentation areas, and they are much less consolidated than 
the underlying postglacial deposits.  
 
 
2.5  Land use  
2.5.1  History  
After the retreat of the ice margin, the first fishers and hunters came to the Reference 
Area at about 7500 BC (i.e., 9,500 years ago). Hunting cultures inhabited the area for 
5000 years. Thus, for thousands of years, no permanent changes were caused to the 
landscape. Use of forests for cultivation may have started at about 3000 BC. Cattle have 
been farmed from 2000 BC or earlier, and cultivation of barley had also started by that 
time. The cultivation was first based on the slash-and-burn method, later also on 
permanent fields, allowing permanent and gradually expanding settlement. During the 
Iron Age (from 500 BC–1100 AD), the coastal settlement was still scattered, and 
sources of livelihood included agriculture, hunting and fishing, as well as some 
commerce. The clay areas could not be cultivated before the methodologies of the 
Middle Ages were developed (drainage, heavier soil preparation), from around 1100 
AD on. The population expanded and new areas were claimed. In the western direction, 
the settlement followed the retreating shoreline (Salo 1997). Much of the nutrient-rich 
forest has been converted into fields. (Tasanen 2004).  
 
In addition to the conversion of forests to agricultural use, they have long been used for 
fuel and tar distillation (exports bloomed in 1600s and 1700s). Exports of sawn wood 
started in the 1600s at the latest, and surpassed those of tar in the 1830s (Haapanen et al. 
1971). By that time, shipping, navigation and foreign trade bloomed in the Pori and 
Rauma regions. Intensive industrialisation started a few decades later, when the steam 
sawmills of the Pori area dominated the production of sawn wood in Finland. Other 
branches of industry were started in the late 1800s, as well. In addition to Pori, industry 
was concentrated especially in Rauma, Noormarkku and Eura. Industrialisation further 
accelerated in the 1920s with wood, metal and fabric being major employers. 
Nevertheless, 90% of the population was still engaged in agriculture. The situation 
changed after the Second World War, when heavy industry was needed to pay 
reparations to the Soviet Union (Elo and Kurri 1999). 
 
The water bodies of the area have undergone great human-induced changes. Given the 
demand for soils suitable for cultivation, water tables of the lakes have been lowered for 
at least 200 years, and the area covered by lakes has as much as halved in some 
discharge areas. Some lakes have completely disappeared. (Huttunen 1981; Fig. 2-15). 
Waste-water discharges caused the water bodies to be in poor condition especially in the 
1960s and 1970s, after which the waste-water load has diminished (www.ymparisto.fi). 
 
Mires in the area have been used for a long time, either for cultivation, peat production 
or later drained for intensive forestry. Since 1964, the area of biological mires (organic 
layer is peat, or mire vegetation coverage is >75%) has diminished by 13%, mainly due 
transformation of mires with thin peat layers into mineral soil forests via drainage. The 
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remaining mires are often in various transitional stages: in 1964 52% of the total mire 
area (3321 km
2
)
 
was in a natural state, whereas of the present-day mire area (2889 km
2
) 
the corresponding figure is 25%. A peak in silvicultural drainage activity occurred in the 
late 1960s, when over 20% of the remaining intact mire area underwent drainage within 
a five-year period. (Korhonen et al. 2000). 
 
 
 
Figure 2-15. Known historical lakes and mires not existing at present due to drainage 
or other reasons. Data sources: maps acquired for Vuojoki Digitizing Project 
(topographic map by Kalmberg (1855; National Library), Russian topographic map 
(1903-1904; National Archive) and Economical map (1920s; National Archive)). 
Background map: topographic database by the National Land Survey of Finland. Map 
layout by Jani Helin/Posiva Oy.   
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2.5.2  Present land use 
The average population density in the Reference Area (Section 1.3.1) is 30–40 
inhabitants/km
2
, depending on the province (Finnish average is 17). Satakunta province, 
covering the northern parts of the area, is the most industrialised province in Finland, 
whereas the Varsinais-Suomi province in the south is an area with a long history of 
cultivation. The present-day division of the Reference Area into major land use/land 
cover classes is presented in Table 2-4. 
Table 2-4. Division of the Reference Area into land-use/land cover classes (sea areas 
excluded). Estimates are based on the CORINE Land Cover 2000 map by the Finnish 
Environment Institute. 
 
Land use/land cover class % of area (excl. sea) 
Urban fabric 4.2 
Industrial, commercial and transport units 1.8 
Mine, dump and construction sites 0.2 
Artificial, non-agricultural vegetated areas 1.2 
Agricultural areas 22.4 
Forests 48.5 
Scrub and/or herbaceous vegetation associations* 13.4 
Open spaces with little or no vegetation 0.4 
Wetlands 3.8 
Inland waters 4.0 
*Includes also power lines 
 
2.6  Ecosystem structure 
As a result of post-glacial land uplift, the coastline continues to retreat, and, in the 
future, Olkiluoto will transform from a coastal to an inland site. Due to the topography, 
several lakes are expected to form at the site (Fig. 2-16) based on model by Ikonen 
(2007b). The present-day rivers Eurajoki and Lapinjoki will merge and continue their 
path to the sea through the lakes north of the site. Mires will be formed both on the land 
due to the presence of a groundwater table close to the surface and by terrestrialisation 
of lakes. 
 
Based on deep groundwater flow simulations related to cases of disposal canister failure 
and subsequent release of radionuclides from the repository, the releases from the 
repository would reach the upper bedrock at the points shown in Fig. 2-16. Thus, as 
possibly contaminated objects, aquatic, terrestrial and shoreline systems need to be 
considered in the spatial and temporal contexts of the release scenarios. In the biosphere 
assessment of 2009, the release paths from the repository are simulated further with a 
surface and near-surface hydrological model (Karvonen 2008, 2009b) to study the flow 
paths in the overburden and the transport path from the bedrock to the rooting zone and 
surface water bodies. 
 
In the biosphere description and modelling, three top-level ecosystems will be treated to 
describe the current landscape at Olkiluoto and the forecast future lakes, rivers and 
mires: aquatic, littoral and terrestrial (Fig. 2-17). These are further divided into sea, lake 
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and river (aquatic systems), corresponding littoral systems, and forest, mire, agriculture 
and other anthropogenic types (terrestrial systems). These further include sub-systems: 
 A very young mire (Olkiluodonjärvi), a young mire (Lastensuo), an old and 
large mire (Kontolanrahka) and an old and small mire (Pesänsuo) (Ch. 4). See 
Figs. 1-7 and 1-8 for locations of the three latter ones in the Reference Area. 
This division was due to the fact that mire pools typically form complexes of 
several mire types, and the whole complex develops with time, making it more 
meaningful to follow the mire units than separate habitats within the mire.  
 Scots pine forests, Norway spruce forests, birch forests and black alder forests 
(Ch. 4). These are the most common types (present and future) in Olkiluoto area. 
 Stony/exposed, sheltered and sandy shores of sea and lakes. The riparian zone of 
the above mentioned rivers is poorly documented, thus it is not divided into sub-
systems (Ch. 5). 
 A lake chain, a large lake, a very small and an overgrown lake (Ch. 6). These are 
the most important analogues for future lakes developing in the TESM area. See 
Figs. 1-7 and 1-8 for locations in the larger Reference Area. Small water bodies 
(streams, springs, ponds) are described as well. 
 Rivers Eurajoki and Lapinjoki (Ch. 6). 
 Open sea areas, enclosed sea areas and flads (Ch. 7). 
 Arable cultivation, cattle farming and special production for agriculture (Ch. 8) 
 Other anthropogenic types (Ch. 9) 
 
The detailed division and identification of ecosystems and their sub-systems is 
presented in the beginning of each respective section.  
 
Figure 2-16. Potential release areas of radionuclides to the top of bedrock (crosses) 
and their release locations from the repository (points) in corresponding colours 
(Nykyri et al. 2008). The map background presents the current topography and forecast 
lakes and rivers with their catchment areas (Ikonen 2007b). Background map: 
topographic database by the National Land Survey of Finland. Map layout by Jani 
Helin/Posiva Oy. 
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Figure 2-17. Main ecosystems and first-level objects at the Olkiluoto site. Photos by 
Reija and Anne Haapanen/Haapanen Forest Consulting, layout by Reija Haapanen.  
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3  LOCAL SETTING 
3.1  Geography, topography, shoreline displacement and geology of 
 Olkiluoto 
Olkiluoto Island is relatively flat, with the average elevation of Olkiluoto being about 
+5 m above sea level. The highest points of Olkiluoto Island are Liiklankallio (+18 m), 
Selkänummenharju (+13 m) and Ulkopäänniemi (+12 m). The bedrock surface is 
variable, but the ground surface/overburden is quite smooth, even at the places where 
the bedrock topography changes abruptly. As a result of last glaciation activity the 
bedrock depressions are filled with a thicker layer of overburden, mainly sandy till and 
fine-grained till, and the bedrock highpoints, which were not buried by the late glacial 
deposition, protrude through the modest soil layers (Lahdenperä et al. 2005). A 
topographical map is presented in Figure 3-1.  
 
Due to continuing land uplift (6 mm/y, Eronen et al. 1995), a thousand years ago many 
initially small islands interconnected into a larger one and Olkiluoto began to get its 
present shape. The majority of the glaciogenic sediments were lost as the waves washed 
the loose deposits away (Mäkiaho 2005). Most of these exposed rock surfaces are those 
facing west, which has been the direction of most effective wave action during this 
washing stage (Seppälä 2005; see also Figure 3-2). 
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Figure 3-1. Topography and bathygraphy of the Olkiluoto Biosphere Site. Data (upper) 
and uncertainty estimates (lower) as differences of 5th and 95th percentile probabilities 
of elevation. Data from Pohjola et al. (2009). Sediment profiles shown in the map are 
presented in Figures 7-5 and 7-32 below. Background map: topographic database by 
the National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy.  
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Figure 3-2. Shore level displacement at Olkiluoto based on the terrain model by 
Pohjola et al. (2009) and land uplift model by Påsse (2001), with updated parameter 
values from Vuorela et al. (2009). Present-day shoreline is from topographic database 
by the National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy.  
 
The waters around Olkiluoto Island are shallow, except for a few areas where sea depths 
reach about 15 m (Figure 3-1). There are only a few islands to the north and west of 
Olkiluoto, but the Rauma archipelago lies to the south. Due to the openness to the sea, 
the wind strongly affects water currents, especially in the western and northern part of 
the area (Ikonen et al. 2003, Lauri 2008). The cooling water intake and discharge of the 
nuclear power plant, 60 m³/s, significantly affect the temperature and the currents in 
their vicinity (Lauri 2008, Lindfors et al. 2008). 
 
Two regionally large rivers, River Eurajoki and River Lapinjoki, discharge on average 
9.6 and 3.6 m
3
/s (respectively) to the sea north and east of Olkiluoto, increasing the 
concentrations of nutrients and solids, especially at their mouths (Kirkkala & Oravainen 
2005). Paludification of coves and accumulation of organic matter, partly due to 
increased  amounts of common reed (see Section 1.1 for the reasons), results in faster 
shoreline displacement than that due to land (crustal) uplift alone, especially in shallow 
bays and shores.  
 
 
3.2  Climate and meteorology  
Currently Olkiluoto has a continental climate, with some local marine influence due to 
its location on the eastern coast of the Bothnian Sea. In the spring, the sea has a 
somewhat lowering effect on temperatures compared with those inland, and 
correspondingly in the autumn provides warmth, so that night frosts are less frequent. 
The long-term statistics for Olkiluoto and the reference sites are given in Table 3-1 and 
Figures 3-3 and 3-4. 
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These weather data have been recorded at the power plant weather mast at the western 
end of the island, 2–3 km from the central investigation area (App. A, Fig. A-1). In June 
2004, a 20-m weather mast was erected in the southern central part of the island to 
provide data closer to the site investigation area and also within the forested area (forest 
intensive monitoring plot FIP4), sheltered from the direct influence of the sea by the 
highest hills on the island. Later, in May 2005 and June 2007, stations with two-metre 
masts were installed in the forest intensive monitoring plots, FIP10 and FIP11, for 
recording their microclimate. 
 
Snow cover and ground frost 
 
Thickness of snow cover and its water content at Olkiluoto have been measured 
regularly since 1990. The snow cover (<20 cm snow and 40 mm of water content) is 
usually less than at the closest reference sites (20 cm, Drebs et al. 2002), and the amount 
of snow varies during winter, with temperatures fluctuating around 0°C (Ikonen 2002b, 
Haapanen 2009). 
 
Ground frost measurements started at Olkiluoto in December 2001. During the 
monitoring, the highest measured frost depth has been 70 cm, depending on the 
openness of the area and soil type. The period with ground frost has been from 
December/January to April/early May (Haapanen 2009). 
 
Table 3-1. Long-term average temperature, annual precipitation and average wind 
speed at Olkiluoto Weather mast (WOM1; 1993–2008, Haapanen 2009), at 
Kuuskajaskari Island 13 km SSW (1971–1995) and at Pori Airport 30 km NE (1971–
2000) (Drebs et al. 2002).  
 
 Olkiluoto  
1993-2008 
Kuuskajaskari  
1971-1995 
Pori Airport 
1971-2000 
Average annual temperature 6.0ºC 5.1ºC 4.8ºC 
- coldest month -4.2ºC (Feb) -5.0ºC (Feb) -5.6ºC (Feb) 
- warmest month 17.1ºC (Jul) 15.9ºC (Jul) 16.3ºC (Jul) 
Annual precipitation 542 mm 559 mm 578 mm 
Prevailing wind direction (from) S SE-S-SW SE 
Average wind speed 4.1 m/s 5.5 m/s 4.2 m/s 
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Figure 3-3. Monthly mean and extreme temperatures (left) and monthly total 
precipitation (right) at Olkiluoto for the period of 1993–2008 (Haapanen 2009). The 
black lines represent the monthly mean temperature and total precipitation in 2008; 
dashed black is the month's lowest and highest temperature in 2008; the gray line is the 
long-term monthly mean; the purple lines the long-term mean low/high; the blue lines 
long-term low/high; the bars lowest and highest monthly precipitation recorded; and 
the white cuts in the bars the long-term monthly mean precipitation.  
 
  
Figure 3-4. Occurrence of wind speed classes (hourly average, m/s) and direction (left), 
and maximum and mean wind speed (m/s) by sector (wind blowing from, 45° sectors) 
(right) at Olkiluoto, 1992–2008 (Haapanen 2009). 
 
Growth conditions 
 
As with the other climatic parameters presented in this report, growth season parameters 
have been calculated from the data obtained at weather station WOM1 located at the 
western end of Olkiluoto Island and exposed to marine influence (App. A, Fig. A-1). 
Figure 3-5 presents starting and ending dates and the duration of the thermal growth 
season (when daily mean temperatures are above +5°C without colder periods of more 
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than five days), the corresponding sum of effective temperature (sum of the parts of the 
daily mean temperatures that exceed +5°C) and precipitation sum over the season. 
 
The sum of effective temperature (Fig. 3-5) is an important proxy of factors affecting 
the primary production of vegetation, but it needs to be noted that the time series 
currently available are rather short for long-term climate statistics. There are also 
records of hourly measurements of photosynthetically active (PAR) and total radiation 
from the FIP4 forest plot since 2004, a better measure, but with even shorter time series. 
The variation of growth conditions between years is a fact that has to be taken into 
account in planning and interpreting the site studies. 
 
Microclimates 
 
Microclimate, the local conditions at the scale of a few metres to tens of metres, can 
have a significant variation within the site affecting the local vegetation growth and 
other environmental conditions and thus the vegetation, hydrology, and, to some extent, 
also to animal habitats and overburden processes. 
 
Precipitation and interception 
 
The main characteristics of precipitation (wet deposition) have been monitored since 
June 2003 with a network of rainwater and snow collectors called MRK (acronym is 
based on   their Finnish name; see locations in App. A, Fig. A-1). Furthermore, 
automatic precipitation measurements have been started at three weather stations. These 
data contain some noise, but seem to correspond well to the wet deposition monitoring 
network data over longer time periods. Annual precipitation in the open area collector 
MRK2 varied between 517–659 mm in 2004–2008 compared with 510–700 measured 
at the WOM1 station close to the sea. The amount of precipitation in stand throughfall is 
naturally lower than that measured in the open. The canopy layer and forest structure 
affect the amount of water reaching the forest floor (see Fig. 3-6 for different canopy 
covers over deposition collectors within one stand). However, the amount of 
precipitation is the most important factor regulating the amount of water passing to the 
forest floor in Finnish conditions. Interception of precipitation by the tree canopies has 
been approximately 32% in the monitored closed coniferous stands on Olkiluoto 
between 2004 and 2008, whereas reference stands in Juupajoki and Tammela (see 
locations in App. A, Fig. A-6) have intercepted 28%. No interception was observed in a 
young mixed stand on Olkiluoto since the seedlings have, as yet, no canopy above the 
samplers.   
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Figure 3-5. Growth conditions at station WOM1 on Olkiluoto for 1992-2008 
(Haapanen 2009). 
 
 
 
 
Figure 3-6. Examples of open (left) and closed (right) canopies on spruce-dominated 
mature forest, plot FIP10. Photos by Jarkko Heikkinen/Vipkuva (October 10, 2007). 
 
Wind 
 
As mentioned above, the power plant's weather mast (WOM1) is exposed to marine 
influence, whereas the forest station (WOM2/FIP4) is sheltered by some hills to the 
west of the mast. The local conditions are reflected in the wind data, and differences 
between these sites can be seen. Wind, together with a sparse canopy and low 
topographical position, largely controls vulnerability to frosts during growth seasons as 
the heat exchange is enhanced by these factors. 
 
Temperature  
 
In daytime, the warmest location within a forest stand can be found in the upper canopy. 
It is cooler between the stems and again warmer on the ground where the heat radiation 
penetrating the canopy layer is absorbed. At night, the outward radiation cools the 
canopy, but due to the density difference, the cooler air descends and the vertical 
temperature profile is nearly uniform. These effects are evident also in data from the 
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weather station within the Scots pine forest (WOM2/FIP4), where temperatures are 
recorded above and below the canopy, at ground level and in the soil. The sheltering 
effect of vegetation can be seen also in the diurnal and annual variation of surface soil 
temperature. 
 
 
3.3  Atmospheric deposition at Olkiluoto 
Chemical deposition 
 
Chemical deposition in stand throughfall and bulk deposition have been monitored on 
Olkiluoto since 2004 (summarised in Haapanen 2005–2009). A summary of results is 
given below and in Table 3-2. 
 The pH values correspond rather closely to the mean values measured in Finland 
in recent years. Deposition at Olkiluoto has generally contained an appreciable 
input of base cations (Ca, Mg, K, Na). This has contributed to the maintenance 
of pH values at a level slightly above the national level.  
 There has been variation in the deposition of N and its compounds in open area, 
but the values are comparable with the values on the reference plots at Juupajoki 
and Tammela (Lindroos et al. 2007; see locations in App. A, fig. A-6). The 
deposition of nitrogen compounds in the throughfall of coniferous stands is 
generally lower than the open area bulk deposition, due to nitrogen uptake by the 
tree canopies (absorption into the needles, use by the mosses, lichens and 
microflora on the needle surfaces). The nitrogen deposition values in stand 
throughfall have been comparable with those of the reference plots at Juupajoki 
and Tammela (Lindroos et al. 2007). On the young mixed stand, the effect of the 
canopy layer was less important on the nitrogen values in stand throughfall and 
the N deposition values resembled those of the open area.  
 While there has been some variation in the sulphur (SO4-S) deposition, the 
overall level has remained relatively stable during 2004–2008, and corresponds 
to the reference plots. Sulphate deposition was clearly higher in stand 
throughfall than in bulk deposition due to the wash-off of dry deposition from 
the tree canopies. Sulphate deposition in stand throughfall is considered to rather 
well represent the total deposition of sulphate from the atmosphere on forest 
ecosystems.  
 The deposition of base cations Ca, Mg and K in bulk deposition and stand 
throughfall has varied slightly during 2004–2008. The relatively high deposition 
of Cl (with associated Na) at Olkiluoto is due to the proximity to the sea. The 
higher values for base cations and chloride in stand throughfall are due to the 
leaching and wash-off of dry deposition in the tree canopies. 
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Table 3-2. Average results of some elements in wet deposition monitoring in open and 
forested terrain at Olkiluoto in 2004-2008 and at other two intensive forest monitoring 
plots in Southern Finland (2004-2006; App. A, Fig. A-6) (Haapanen 2005-2009). 
 
  
Year 
Precip. pH DOC Na K Mg Ca Cl SO4-S Ntot 
  mm 25º C mg/m2 
Pi
ne
 
FIP4 2004 381 4.6 5736 503 609 111 244 827 246 252 
 
2005 303 4.9 4047 385 482 87 231 661 220 294 
 
2006 364 4.8 5041 444 672 111 205 764 225 236 
 
2007 348 4.8 4562 521 596 117 232 866 227 248 
 
2008 433 4.8 6330 594 711 131 290 1060 274 315 
 Mean 366 4.8 5143 489 614 111 240 836 238 269 
Juupajoki Mean 483 4.6 4752 172 370 60 163 263 196 257 
Tammela Mean 467 4.7 5896 204 547 59 181 348 224 291 
Sp
ru
ce
 
FIP10 2006 404 5.2 5957 402 1089 107 236 728 244 376 
 
2007 368 5.1 5010 594 1033 130 315 1088 324 368 
 
2008 457 5.1 6258 516 1085 137 290 991 283 322 
 Mean 410 5.1 5742 504 1069 125 280 936 284 355 
Juupajoki Mean 451 5.0 5794 171 1120 57 180 342 266 265 
Tammela Mean 472 4.8 8288 388 1158 121 324 697 482 362 
O
pe
n 
MRK2 2004 659 5.1 1481 363 195 73 189 530 222 377 
 
2005 517 5,4 1030 212 104 47 195 325 188 439 
 
2006 586 5.1 944 188 87 62 145 278 162 328 
 
2007 579 5.3 1013 252 116 74 200 397 192 475 
 
2008 631 5.0 1042 199 60 48 127 334 160 388 
 Mean 594 5.2 1102 243 112 61 171 373 185 401 
Juupajoki Mean 615 4.8 941 100 50 33 102 141 174 318 
Tammela Mean 681 4.8 1119 163 58 46 142 230 224 404 
 
 
           
 
Stable isotopes in rainwater 
 
The isotopic composition of oxygen and hydrogen in local atmospheric precipitation 
provides background data relevant to explaining the sources, retention times and 
circulation of groundwater (Posiva 2009, Kortelainen 2009). It also provides 
information for assessing the significance of changing climate in the perspective of the 
future repository (Kortelainen 2009). On the basis of sampling in 1989–1995, the 
isotopic contents of H-2 and O-18 of precipitation display some seasonal variation, both 
being lower in winter than in the summer (Posiva 2003a, Kortelainen 2009).  
 
A study campaign carried out by GTK was initiated in January 2005 in order to provide 
systematic monthly records of the isotope content of atmospheric precipitation in 
Olkiluoto and to establish the relation between local rainfall and shallow groundwater. 
During January 2005–June 2008, a total of 35 cumulative monthly rainfall samples and 
38 shallow groundwater samples were collected and their O-18, H-2 (deuterium) and H-
3 (tritium) values were detected. Results of the study are presented in Kortelainen 
(2009). In general, the isotope signatures of atmospheric precipitation and groundwater 
at Olkiluoto are typical of this region. The coastal location is reflected in the isotopic 
compositions in the precipitation. The campaign will continue in and after 2009. 
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Radionuclides 
 
The company operating the nuclear power plant, TVO, has monitored radionuclides in 
the environment since the 1970s. Radionuclide concentrations in both filtered dry 
deposition and direct wet deposition at Olkiluoto over recent years have been low due to 
ceasing atmospheric nuclear weapon tests and the lack of recent accidents; however, 
some traces of Chernobyl-derived Cs-137 are still detectable (Ikonen 2003, Roivainen 
2005, Haapanen 2005-2009). 
 
Concerning the deposition, the monitoring network (maintained by TVO, see App A, 
Fig. A-2) has substantial areal coverage. It represents the present overall deposition well 
and will likely capture the effects of radionuclide deposition on analysis of other 
environmental samples for the radionuclides. Monitoring of potential releases from the 
nuclear waste facility will be started during the construction of the facility, with likely 
somewhat different geographical coverage. 
 
 
3.4  Land use 
3.4.1  Present land use 
Olkiluoto Island is part of the municipality of Eurajoki, which in turn is part of the 
Satakunta province. The closest population centres are Eurajoki main village (16 km 
east) and the town of Rauma (centre 13 km south). Farther away, the main village of 
Luvia and the city centre of Pori can be found about 16 and 32 km northeast, 
respectively. The nearest smaller villages are Linnamaa (8 km east), and Hankkila and 
Sorkka (9 km southeast; Fig. 1-6). The average population density of Eurajoki 
municipality is 16.8 people/km
2
 (Fig. 3-7). From the 1960s to date, the size of 
population has varied  between 5,200 and 6,100  (Ollikainen & Rimpiläinen 1997, 
www.stat.fi).  
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Figure 3-7. Population density around Olkiluoto according to grid database by 
Statistics Finland. Background map: topographic database by the National Land Survey 
of Finland.  Map layout by Jani Helin/Posiva Oy. 
 
 
Table 3-3. Distribution of Olkiluoto main island and Ilavainen between various land-
use/land cover classes at present and in 1946. The estimates are based on visual 
interpretation of a 50 x 50 m systematic plot network placed over the aerial 
photographs taken in 1946 and 2007 (Haapanen 2009). The CORINE classification 
system (see Table 2-4) was modified for photo interpretation needs.  
 
% of present land area 
Land use/land cover class 1946 2007 
Industrial, commercial and transport units; mine, dump and construction sites 0.0 21.7 
Power lines 0.0 7.3 
Summer cottages and farm yards 0.5 1.3 
Agricultural areas 7.2 5.3 
Forests and wetlands, excluding shoreline swamps 77.6 55.8 
Shoreline meadows and shoreline swamps 4.7 4.4 
Rock forests and bare rocks 5.4 4.3 
Areas in 1946 still submerged 4.8 0 
Total area, km
2
 9.9* 10.4* 
*Due to the variations in sea level and phenological states of vegetation, the interpretation at the shoreline is uncertain and 
these values should be used with caution. 
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The island is partly covered by forest and shoreline vegetation typical of such an island 
in Southwestern Finland. However, land use on Olkiluoto Island is heavily characterised 
by activities related to energy production (See Fig. 1-1). TVO‟s 350-hectare nuclear 
power plant site is located on the western side of the island. The site contains TVO‟s 
current power plant units OL1 and OL2 and also the OL3 construction site. In addition 
to the nuclear power plant units the industrial area includes several supporting facilities: 
 Administrative buildings 
 A training centre  
 A visitor‟s centre  
 Warehouses, repair shops  
 A backup heating plant 
 A raw water reservoir and water purification plant 
 A demineralising plant 
 A purification plant for sanitary water 
 Landfill areas 
 Interim storage for spent nuclear fuel and for low- and intermediate-level 
operating waste 
 An underground repository for operating waste 
 A contractor support area 
 An accommodation village 
 
Furthermore, Olkiluoto Island houses a Fingrid Oyj electricity distribution substation in 
the northern part of the island, a Fingrid Oyj and TVO gas turbine power plant for 
backup power needs and a single wind power turbine. Olkiluoto industrial port and 
dockyard is located in the middle of the northern shore of the island. The present land 
use at Olkiluoto is shown in Figure 1-1 and the distribution of land use/land cover 
classes on Olkiluoto is presented in Table 3-3. 
 
Posiva's disposal facility consists currently of the ONKALO underground rock 
characterisation facility construction site. Posiva has leased approximately 36 hectares 
from TVO (the biggest land owner), intended for the disposal facility for spent nuclear 
fuel. It is located in the middle of the island. Rock waste created by underground 
excavation work is transported to a landfill area common with the nuclear power plant 
construction site. Furthermore, investigations to determine the detailed characteristics 
on the repository site and in its surroundings are underway. Because of this, connecting 
roads and shelters for installations and other research-related structures have been built 
in the area and its surroundings. Some research activities such as geological 
investigation trenches have required relatively large clear cuttings.  
 
To the east of the power plant and ONKALO construction site, Olkiluoto Island is 
mainly covered by forest. The eastern end of the island features agricultural areas and 
holiday homes. A new accommodation village and caravan park providing temporary 
housing for nuclear power plant construction and maintenance personnel is also located 
in the area along the main road leading to the power plant site. Posiva's research 
activities extend also to the eastern part of the island. 
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Figure 3-8. Areas owned by TVO, the state and the Eurajoki municipality. Cadastral 
map and topographic database by the National Land Survey of Finland. Map layout by 
Jani Helin/Posiva Oy. 
 
TVO owns most of the land areas on Olkiluoto (Fig. 3-8), and its land acquisition has 
had its influence on the practicalities of the site characterisation programme. The island 
is intended to remain from other industrial, hospital, settlement etc. use by planning. 
The state owns the Liiklankari conservation area and the western part of Kornamaa 
Island to the northeastern side of the island. TVO owns some of the waters around 
Olkiluoto directly and some through a joint ownership.  
 
Nature protection areas  
 
In the southern part of the island, there is a nature conservation area consisting of old 
forest. The Liiklanperä area was first conserved as an old growth forest (Government 
Act 1115/93), and later included in the Natura 2000 network. There are some Natura 
2000 areas, private nature conservation areas, areas included in shore conservation 
programmes, etc. in the vicinity of Olkiluoto as well. The Natura 2000 areas usually 
include the older conservation areas and programmes. On Olkiluoto Island there are also 
other areas of high biodiversity together with exceptionally intact biotopes in their 
natural states of which the most important is the western shoreline area from 
Ulkopäänniemi to east of Tyrniemi, which  are also regionally valuable as a nesting and 
migratory area for waterfowl. 
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3.4.2  Settlement history 
The eastern regions of Eurajoki municipality started to emerge from the sea at 
approximately 3000 BC. The first fishers and sealers arrived to the area at 
approximately 2000 BC. Due to the location by the sea and the two major rivers, fishing 
has been an important source of livelihood.  
 
During the Bronze Age (1500–500 BC), the sea was the primary source of livelihood, 
but there are some signs of agriculture, most likely slash-and-burn cultivation. When 
agriculture became more common, the flat lands by the riversides were suitable for 
cultivation (Heino 1987), as is still the case. 
 
During the earlier Iron Age (500 BC–1300 AD), settlement retreated from the coasts of 
Satakunta, and the areas were used only for fishing and hunting. Possible reasons are the 
silting up of the shores and the more difficult access to the sea. The areas were soon 
recolonised, and the permanent settlement originates from the turn of the 13th and 14th 
centuries. Eurajoki was first mentioned in historical documents in 1344. In Rauma, 
permanent settlement dates from the 11th century at the latest, and the trading post of 
Rauma became a city in 1442. The settlers of Eurajoki came mainly from Eura. Eurajoki 
was at the margins of the old settlements (Heino 1987, Virkkala & Papunen 1959). 
 
The settlement acquired its general shape early. The riversides, river mouths and the 
shores of big inland lakes accessible from the sea were popular. Coastal areas were 
attractive as well, but not shores exposed to the sea. New territories were rarely 
occupied after the actual colonisation period. The population concentrated on the old 
villages, on a narrow strip of land by the riversides (Heino 1987, Salmo 1952, Virkkala 
& Papunen 1959). The land allocation practices changed throughout the centuries and 
affected the formation of farms and their land use. A major reform, put into force in 
Eurajoki in the late 1700s, greatly increased the number of settled units. This mainly 
focused on the extension of the old villages (Heino 1987, 1990). Later, as the population 
concentrated on the lower and central reaches of the River Eurajoki, the centre grew 
further and merged the villages of Pappila, Lavila and Tarmola into a contiguous 
population centre (Heino 1992). 
 
In the late 1960s, new densely built areas with row houses and a few apartment 
buildings emerged in the centres of Eurajoki and Lapijoki. The old villages have 
regressed and the majority of inhabitants now live in the more densely populated 
centres, partly due to building a straighter highway. One feature of the changes of the 
last decades has been the increased number of summer cottages. Since 1970, their 
number has almost doubled in the sea shore municipalities Rauma, Eurajoki and Luvia, 
and is now 996, 1284 and 2229, respectively. Due to the proximity of the coast and the 
city of Rauma, the area has historically been more densely populated than the country 
on average. Though migration to cities like Rauma, Pori and Turku has been a common 
phenomenon since the end of the 18th century, the population has remained rather 
constant in the past few decades (Heino 1990, 1992, www.stat.fi, Papunen 1972, Fig. 3-
9). 
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Figure 3-9. Population of Eurajoki in 1722 and 1920–2008 (Heino 1990, www.stat.fi).  
 
 
3.4.3  Agricultural history 
Fields constituting a rather small share of the total land area and of relative barrenness 
have been characteristic of the agriculture in the area. Cultivation methods adapted to 
the conditions include substantial cultivation of barley, rye and potatoes with a lesser 
amount of more demanding crops (Papunen 1986). Though flood-prone, the main fields 
have largely been situated on the low-lying lands on the riversides, where the fields 
form a relatively uniform area. The fields first suitable for agriculture were mainly light, 
clayey humus and sand soils; the development of tools made it possible to work clayey 
lands as well (Heino 1992). Slash-and-burn agriculture was practiced until the 17th 
century. It was more popular in the coastal areas, probably due to easier transportation 
of crops to cities (Heino 1987, Virkkala & Papunen 1959).  
 
Suitable areas for meadows have been abundant: emergent coastlines, mires, burnt-over 
clearings and grasslands. Land was often converted into meadows in places where no 
clearing was necessary; as well, horsetail and chickweed were collected from the lakes 
and rivers, sedge from the flood meadows and hay from the mires (Heino 1987, 
Virkkala & Papunen 1959). Areas suitable for pastures have been relatively scarce. 
Nutrient-poor and dominantly sedge-growing, they produced poor grass. The pastures 
were hardly tended at all. Due to lack of pastureland, some of the cattle were taken to 
the islets in the sea (Heino 1987).  
 
Land uplift has exposed plenty of new land on the shores, especially in the delta areas of 
the rivers (Fig. 3-10). After the land dried, disputes over its use and control were 
common. Waterlogged lands, river banks, mires and lakes were also drained, and the 
level of some lakes dropped, increasing the area of meadows (Heino 1990). 
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Figure 3-10. Development of field area in the River Eurajoki valley. Note that only the 
fields in the examined area, determined by the extent of the historical maps are shown; 
there were fields also outside this area. Data sources: historical fields and meadows 
are based on the 1777 cadastral maps/Vuojoki Digitizing Project; present-day situation 
is based on topographic database by the National Land Survey of Finland. Map layout 
by Jani Helin/Posiva Oy. 
 
 
Table 3-4. The fields, meadows and pastures in Eurajoki 1621–1920 and 2008, and 
distribution of cultivated land owned by Eurajoki-based farmers 1929–1990 (Heino 
1987, 1992, www.matilda.fi). Note that the classification criteria have changed along 
time. For example, managed meadows were included in the cultivated area in the 
1900s, whereas in 1800s only actual fields were accounted for. Data not known have 
been marked with -.   
Year Field (ha) Meadow (ha) Pasture (ha) 
1621 760 - - 
1875 1,690 3,518 - 
1886 2,104 2,792 - 
1910 5,294 1,022 - 
1920 5,441 872 318 
1929 6,021 653 293 
1941 6,260 483 68 
1959 6,938 517 27 
1969 6,793 184 78 
1980 6,044 253  
1990 6,543 276  
2008 6,496 79  
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In past centuries, fields were divided into three categories: the main fields were reserved 
for rye and barley, outer fields for oats, and garden fields for cabbage, turnip, flax and 
hemp. In the 18th century, the potato arrived and slowly gained more popularity. Wheat 
was known, but rarely cultivated (Heino 1987, 1990). 
 
In the 18th century, the clearing of new fields accelerated. The most rapid period of 
field clearing was the latter half of the 19th century, when the old natural meadows were 
taken under cultivation with the help of new, factory-made ploughs.  As well, the vast 
mires that had earlier been important hay producers were now drained and converted 
into fields (Table 3-4). The old main fields were still poorly ditched (Papunen 1986, 
Heino 1990, 1992). Despite gradually improving cultivation methods, rye, barley and 
potato were still characteristic of the agriculture, due to the natural conditions (Papunen 
1986). A major change in field use took place in the first decade of the 20th century due 
to the development in cattle farming, which was now based on the cultivation of hay. 
Three quarters of the fields were producing fodder for cattle in the late 1930s. In the 
1920s and 1930s, the field area in Eurajoki grew by 15%. After the war, in 1944, new 
farms were established at the margins of old settlements and cultivated plains. Fallow 
fields almost completely disappeared. Another significant increase in field area (11%) 
took place in the 1950s, mostly carried out by converting natural fields (Heino 1992, 
Papunen 1986). 
 
The focus of production in Eurajoki has varied in the course of history. Traditionally, 
the cultivation of cereal crops has been dominant. Cattle farming has commonly been 
practised as well and, for a period, it was the dominant form of production. In the 1970s 
and 1980s, cereal crops regained their position. Since then, the significance of 
agriculture to the area‟s economy has dropped; for example, the cultivated field area had 
decreased 10% by 1987 (not shown in Table 3-4 due to differences in classification 
system). The dominant crops today are barley, oats, wheat, sugar beet and rapeseed 
(Heino 1992, www.matilda.fi; Chapter 8). 
 
3.4.4  History of forestry 
After the arrival of Norway spruce in the second millennium BC, the biggest change in 
forested landscape has been the cutting down of forests in the clayey river valleys when 
clearing the areas for fields. In earlier times, the value of timber was low and slash-and-
burn agriculture was common even in the relatively densely populated areas close to the 
city of Rauma. The use of forest resources in the area has been versatile throughout the 
centuries, but, until the 17th century, domestic use was dominant. Favourable location 
and sailing traditions made it possible to increase commercial use of the resources as the 
demand grew in the big cities. Given the easy transportation, the forests close to the 
coast were more heavily used. Good sea connections from Ilavainen (the neighbouring 
island at the time, presently connected to Olkiluoto), for example, made it tempting to 
cut the forests of Olkiluoto and ship the wood to Stockholm (Heino 1987, 1990; 
Virkkala & Papunen 1959). 
 
At the beginning of the 18th century, firewood chopping and cutting of other timber 
products were the most important aspects of the business; birch bark was still pulled in 
some amount for household use (shoes, bags, kitchen utensils, roofing and fuel). The 
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cutting of young tree stands slowed the renewal of the forests. Due to the primary use of 
the forests closest to villages, their condition started to deteriorate. Partly to blame was 
the communal ownership of the forests; this was abolished in the 18th century (Heino 
1987, 1990). 
 
Forest trade was stimulated in the area when the River Kokemäenjoki delta became a 
centre for the sawmill industry in the 1870s, and a sawmill was established also in 
Kaunissaari next to Olkiluoto in 1875. The forests were intensively used. The cutting of 
the forests continued until the 1920s. It was most intensive in the forests belonging to 
Vuojoki Manor, which at that time owned approximately 38% of the forest area of 
Eurajoki, but forests owned by the farmers were cut as well (Heino 1992). In the 1960s, 
private forests were in worse silvicultural condition than in the neighbouring areas. 
Silvicultural works took place gradually, but, for a long time, the past was reflected in 
the forests of Eurajoki.  The ownership has been similar to the rest of the province: four-
fifths of the forest area is privately owned (Heino 1992). 
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4  FORESTS AND WETLANDS 
4.1  Common properties 
4.1.1  General description of the ecosystems 
In the conditions that exist at Olkiluoto (boreal forest biome, till soils), primary 
succession starting from the littoral phases ends typically in grove-like (OMT, Oxalis 
acetosella-Vaccinium myrtillus type) or fresh (MT, Vaccinium myrtillus type) Norway 
spruce forests. Other major climax types are dryish (VT, Vaccinium vitis-idaea type) 
Scots pine forests, rock forests and ombrotrophic raised bogs (Fig. 4-1). For this study, 
we selected the following types for detailed description, based on their spatial coverage 
(now and in the future) and importance in radionuclide transport modelling: Scots pine-
dominated forests, Norway spruce-dominated forests, birch-dominated forests, black 
alder-dominated forests and mires. After describing the general properties of the study 
area, these types are presented in separate sub-sections. Majority of data originates from 
Olkiluoto-specific investigations commissioned by Posiva Oy. However, a set of 
reference mires from the mainland are described based on literature (Section 4.2). 
 
Location of forests and wetlands in the Olkiluoto biosphere modelling area and in the 
surroundings (also in relation to other systems) are shown in Fig. 4-2. Terrestrial 
systems are connected to the aquatic ones via a littoral zone (Chapter 5). 
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Figure 4-1. A schematic presentation of typical successional stages met in the 
conditions of Olkiluoto. See Haapanen (2007b) for background information. 
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Figure 4-2. Location of terrestrial habitats on Olkiluoto and its surroundings. 
Dominant tree species are based on interpretation of an IRS satellite image from the 
summer of 2006, field measurements (Saramäki & Korhonen 2005) and some auxiliary 
data (Haapanen 2009). Other types have been taken from the CORINE 2000 Land 
Cover map by Finnish Environment Institute. Roads: topographic database by the 
National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy. 
 
Generally, the terrestrial areas of Olkiluoto do not differ from other coastal locations in 
Southwestern Finland (justified in sub-sections below). Some locally important 
ecological areas have, however, been identified. The most valuable nature area is the 
old-growth forest of Liiklankari, which is a Natura 2000 site (see Fig. 1-1 for 
delineation of this nature conservation area). Other such areas are the forest area of 
Tyrniemi and the densely forested islands, which have stayed free from summer 
cottages. The treeless islets are significant bird habitats. 
 
4.1.2  Overburden 
The first summits of Olkiluoto rose above the sea-level about 2800 years ago and still 
some eight hundreds of years later there existed about ten separate small islands, while 
most of the present land areas were still submerged (Mäkiaho 2005).  
 
The current knowledge on overburden is based on several independent studies and no 
systematic mapping covering the Olkiluoto area has been conducted. Although direct 
point observations are available from several sources, they are mainly concentrated 
around the ONKALO site (Hagros 1999, Lintinen et al. 2003, Lintinen & Kahelin 2003, 
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Posiva 2003a, Lahdenperä et al. 2005, Huhta, 2005, 2008, 2009). The locations of soil 
investigation sites on Olkiluoto Island are presented in App. A, Fig. A-3.  
For these reasons, in 2009, a project was launched to collect all available data on 
overburden characteristics, especially thickness, into a 3D model, to be further 
interpreted into a continuous stratigraphical volume model. The first version is planned 
to be completed during 2009. In addition, this work will show the gaps in the 
overburden data and guide the future overburden studies.  
On the basis of a forest inventory in 2003, the most common soil types in Olkiluoto 
Island are fine-textured (53%) and sandy (39%) till (Figure 4-3). The other types are 
gravelly till (4%) and peat (3.4%) in addition to one percent of outcrops (Rautio et al. 
2004). Some Litorina and Ancylus clay areas exist in addition to areas with mud cover, 
mainly at the northern and southern side of the island (Posiva 2003a). Mud/gyttja is 
originally stratified into the water and is a mixture of decomposed plants, animals and 
fine-grained mineral soils. 
Tamminen et al. (2007) surveyed 94 forest sample plots (FEH) in Olkiluoto (App. A, 
Fig. A-5). These plots were inventoried for their humus, mineral soil (0–60 cm) and 
peat (0–30 cm) layers. Most common soil types on Olkiluoto are weakly developed 
(often at the beginning of podzolisation) coarse to medium coarse Arenosols or fine-
textured Regosols, shallow Leptosols and Geysols characterised by a groundwater table 
close to surface. The organic layer overlying mineral soils was classified in most cases 
as mor or mull-like peat. In places, there is quite a considerable amount of stones, 
boulders, exposed bedrock and thin-covered soil (Tamminen et al. 2007). 
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Figure  4-3. Distribution (%) of soils and forest site types (with Finnish abbreviations) 
on the main island of Olkiluoto (data from Rautio et al. 2004). 
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According to Tamminen et al. (2007), soils are on average acid, except for the alder 
stands growing near seashores, which are much less acid due to more clayish soils.  The 
organic layer pH varied from 3.7 to 5.9 and the mineral soil pH from 3.1 to 6.7. The 
clay content varied from 0.1 to 27% and the amount of fines from 1.4 to 98%. The 
groundwater lay within the depth of 0 to 40 cm on 15 plots, and 24 sample pits out of 
the 85 mineral soil ones were under 50 cm deep due to bedrock, big boulders or the 
presence of groundwater. The organic layer thickness in mineral soil plots varied from 
2.3 to 21.1 cm. 
 
Nine of the plots studied within the soil survey by Tamminen et al. (2007) were located 
on mires. The pHH2O in peat ranged from 3.8 to 4.5, depending from dominant tree 
species and peat layer. The nitrogen concentration varied between 1.36 and 2.92%. Peat 
C/N ratios were mostly under 25–30. In peatland pine stands, both low nitrogen 
concentration and high C/N ratio in the peat indicated poorer nutritional status than in 
deciduous tree stands. Soil carbon and nitrogen amounts increased from pine growing 
peatland sites to alder forests. The total P, Ca and Mn concentrations in peat were 
relatively similar to the values reported for corresponding drained peatland types and 
peat layers in Southern Finland, but the K, Mg, Cu, Zn, B and Fe concentrations in the 
peat at Olkiluoto were 2 to 40 times greater. Carex peats with peat components of 
Cyperaceous, Sphagnum, Phragmites australis, Lignum and Equisetum dominated in 
Olkiluodonjärvi. On two black alder-dominated peatland locations the dominating peat 
types were woody and Carex peats. Other typical peat types were Sphagnum, 
Sphagnum-Lignum and Lignum-Sphagnum. 
 
In addition, data on overburden physical, mineralogical and chemical properties are 
available from deep soil test pits KK1–KK13, dug by excavator (Hagros 1999, Lintinen 
& Kahelin 2003, Lintinen et al. 2003). The soils were sandy till, containing some clay, 
sand, gravel and weathered layers. In some pits, till is more stony or compact, especially 
in deeper horizons. In soil pit studies (Lintinen et al. 2003) the typical minerals found in 
the <2 mm fraction of the soil samples were quartz, plagioclase, K-feldspar, mica, 
chlorite and hornblende. In these studies, the typical minerals for the <0.002 mm 
fraction have been illite, chlorite and hornblende. 
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Table 4-1. Chemical characteristics of mineral soil samples from the surface horizons 
and C-horizons of the test pits KK6–KK13 extracted by synthetic rainwater at Olkiluoto. 
Median and range of values in parentheses. (Based on data from Lintinen et al. 2003, 
Lintinen & Kahelin 2003).  
Variable Surface horizons N C-horizon N 
pH 6.5 (4.0-8.0) 19 7.5 (6.5-8.0) 8 
Anions mg/kg     
Cl <2-2.8 6 <2 2 
F 1-2.0 6 <1-2.1 2 
NO3 <2 6 <2 2 
SO4 11.0 (1.7-19.0) 6 13.0-36.0 2 
Cations mg/kg     
Al 8.9 (0.6-24.4) 25 8.0 (0.6-15.2) 8 
Ca 22.9 (6.4-79.6) 25 39.3 (18.5-118) 8 
Cs <0.05 25 <0.05 8 
Fe 9.0 (0.2-32.2) 25 7.2 (0.6-20.3) 8 
K 10.9 (4.8-27.0) 25 22.2 (9.1-31.0) 8 
Mg 4.8 (2.6-10.3) 25 5.8 (3.2-12.5) 8 
Na 5.1 (2.8-14.0) 25 5.4 (4.1-9.4) 8 
Sr 0.04 (0.001-1.4) 25 0.08 (0.02-0.2) 8 
U 0.01 (<0.01-0.08 25 <0.01(<0.01-0.02) 8 
Geotechnical analyses 
Water content (weight-%) 9.5 (6.5-18.6) 25 10.9 (8.1-15.3) 8 
Organic matter mg/g  1.1 (0.5-3.13) 25 1.0 (0.7-3.9) 8 
 
 
The total depth of test pits varied from 1.6 to 4.6 m. Soil samples were not taken along 
the visible horizons, thus the data did not give complete results on soil geochemistry 
and processes. Two chemical extractions, synthetic rainwater leach and nitric acid leach, 
were used on samples to emulate different environmental conditions. In the surface soil 
layers, pH varied from 4.0 to 8.0 and in the C-horizon from 6.5 to 8.0 (Lahdenperä et al. 
2005). There are more exchangeable cations in the surface soils in Olkiluoto than at the 
control sites in Southern Finland (Tamminen et al. 2007). Soils in Olkiluoto are young 
and the base cation concentrations are expected to decrease in the future due to surface 
soil weathering, leaching and removal of nutrients (Starr 1991). Although these soil pits 
were concentrated on quite a small area (in the central part of Olkiluoto, near 
ONKALO), there was quite a large variation in element concentrations. The 
geochemical characteristics, water and organic matter contents of mineral soil samples 
extracted by synthetic rain water leach (Lintinen et al. 2003) are presented in Table 4-1. 
The detailed results are summarised in Lahdenperä et al. (2005). 
 
In the summer of 2008, six new excavator test pits were dug in northern, eastern and 
southern parts of the island. Three soil pits (KK14–KK16) were located close to the 
forest sample plots, and the rest (KK17–KK19) in the vicinity of an infiltration test area 
(App.  A, Fig. A-3). Samples were taken from humus and two to five different mineral 
soil horizons, and the same chemical and physical standard procedures were used for 
analyses as for samples taken earlier from soil pits. In addition, selenium, iodine and 
total C and P were analysed. The geochemical and geotechnical result will be 
summarised in Lahdenperä (2009). 
 
Studies on sorption in soils from Olkiluoto by the Laboratory of Radiochemistry at the 
University of Helsinki were carried out in 2008 from three test pits: KK14, KK15 and 
KK16 (App. A, Fig. A-3). The geotechnical, geochemical and mineralogical properties 
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of different soil layers were measured. The soil type of the samples was mainly sandy 
till, which corresponds to the previous studies in the Olkiluoto area (Lintinen et al. 
2003, Rautio et al. 2004, Huhta 2007, 2008, 2009). The proportion of clay fraction 
(<0.002 mm) varied from 0 to 12%. In previous studies, the clay content has generally 
varied from 7 to 14% (Lintinen et al. 2003, Lahdenperä et al. 2005). The soil samples 
were analysed using ICP-MS. Supplementary samples were taken from the same layers 
for the separation of soil water. The partition coefficient, Kd, in addition of the main 
elements and the main nuclides (Cs, Sr, Ni, and Mo) will be determined from these in-
situ samples. In addition six profiles were taken for the determination of Cs-137. The 
results showed considerable variation, probably due to differences in the thickness of 
organic layer, which is known to retain caesium (Lusa et al. 2009).  
 
Of the bedrock investigation trenches (TK1–TK16) the soil types, groundwater level 
and overburden thickness (reported e.g., by Nordbäck 2007, Huhta 2008, 2009, 
Lindberg & Paulamäki 2004) are of interest from the point of view of biosphere 
description. Soil stratigraphy and soil types have been investigated from the trenches 
TK8, TK9, TK13, TK14, TK15 and TK16. Disintegrated rock layers of rock debris 
between solid bedrock and overburden were found along the investigation trenches 
TK8, TK9 and TK14. The depth of layers varied from some ten metres to 2–3 metres. 
The layers were slightly chemically changed. (Huhta 2005, 2008).  
 
In June 2008, five transects extending from land to sea were studied to get a view of the 
vegetation succession on different soils and exposures. Land investigation (App. A, Fig. 
A-3) included a surficial study of the soil type and registering of vegetation. According 
to the study, the soil types varied a lot; from stony shores to gyttja-covered shores. Till 
was the main soil type, but in many places it was very stony or thin. Rock outcrops were 
common.  
 
Radionuclides in soils 
 
Vertical distributions of radionuclide concentrations in soils have been measured in the 
nuclear power plant's surveillance programme from the 1970s (summarised in Ikonen 
2003, Roivainen 2005, Haapanen 2005-2009; see locations in App. A, Fig. A-2), and 
recently also in connection with some other studies at the site. Roivainen (2006) 
analysed litter, humus and mineral soil samples for Cs-134, Cs-137 and K-40 from three 
black alder-dominated plots as other gamma-emitting radionuclides were below 
detection limits. Lusa et al. (2009) measured Cs-137 profiles in soils next to excavator 
pits KK15 and KK16 in 2008. 
 
The depth profiles of Cs-137 at the sampling sites studied showed considerable 
variability due to local conditions, mainly patchy original deposition, soil type specific 
migration properties and different uptake by plants. The total activity of mineral soil 
profiles from the excavator pits in 2008 ranged between 2.9 and 7.2 kBq/m
2
.
 
The major 
source of Cs-137 in Olkiluoto is from Chernobyl fallout. According to regional studies 
(Arvela et al. 1989), the deposited Cs-137 total activity in Eurajoki was 11–23 kBq/m2 
as in October 1987, corresponding with 7–14 kBq/m2 in May 2008. Given the sparse 
sample in the regional data and varying rainfall pattern, the results coincide rather well. 
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The soil samples collected in 2005 in the nuclear power plant's programme, and the 
samples from 2008, give Cs-137 activity concentrations of 90–1,400 Bq/kgdw in the top 
6 cm of soil, as decay-corrected to the latter year. The large differences can be 
explained by the variation in the thickness of humus layer (0–10 cm) retaining some of 
the caesium.  
 
Radionuclides in peat of Olkiluodonjärvi mire were studied by Ikonen (2002a) from 
four peat cores. Given the thin peat layers, only samples representative of the whole 
peat profile could be measured for Cs-134, Cs-137 and U-238. The Cs-137 
concentrations varied between 290–840 Bq/kgdw, and those of Cs-134 1.2–6.5 Bq/kgdw 
as in 2001. U-238 had concentrations below the limit of quantification by the 
gammaspectrometer, 0.2 kBq/kgdw. 
 
In the biosphere assessment, the only foreseeable use of the measured radionuclide 
concentrations in soil is testing the radionuclide transport models. For this purpose, they 
will need to be complemented with information on the detailed soil characteristics and 
deposition, as the soil samples are not from the otherwise well-characterised locations 
(the monitoring programmes are run by different organisations). Furthermore, the suite 
of nuclides observed is rather limited; in addition to Cs-137, Cs-134 and K-40, there are 
only occasional observations of other radionuclides (Ikonen 2003, Roivainen 2005–
2006, Haapanen 2005–2009). Their use in model testing is rather questionable due to 
the scarcity of continuous series of observations, and should be evaluated on a case-by-
case basis. However, the radioactivity data can be used to define the radioecological 
baseline prior to the operation of the spent nuclear fuel repository. 
 
4.1.3  Hydrology and hydrogeochemistry 
The first version of the Olkiluoto surface hydrology model was developed in 2007 
(Karvonen 2008). Due to the importance of the deep groundwater in the bedrock to the 
repository performance, it is necessary for the model to be able to solve the interaction 
between the groundwater in the overburden and that in the bedrock. The ONKALO 
underground rock characterisation facility and the Korvensuo reservoir of the nuclear 
power plant were added to the model during 2008.   
 
Recharge computations carried out with the surface hydrology model show that the 
Olkiluoto bedrock groundwater system is transport-limited and the overburden supply-
limited (Karvonen 2008). Thus, there is more supply from the overburden to the 
bedrock than the bedrock system can transmit, which is due to the low hydraulic 
conductivity in the bedrock compared with that of the overburden soils. The supply-
limited overburden groundwater system implies that more precipitation would result in 
greater runoff and evapotranspiration. The surface hydrology model was used to 
calculate the annual average values for the water balance components. According to the 
results, the average annual runoff was around 35% and the average annual 
evapotranspiration around 62% of the total precipitation during the applied model 
calibration period. The average value for recharge through the bedrock system to the sea 
was 1.7% (10 mm/y) of the average precipitation in a longer time period (1992–2006; 
Karvonen 2008).  
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The surface hydrology model was used to calculate infiltration (recharge) rates at 
various levels in the bedrock system. Already at depth -25 m the influence of the 
hydrogeological zones can be seen very clearly. However, near the surface, e.g. at -2 m, 
their effect is no longer present. The local topography distorts the flow lines toward the 
areas of lower elevation or to those grid cells where water is removed by the ditch 
network.  (Fig. 4-4; Karvonen 2008, 2009a). 
 
The most important model parameters are related to vegetation and soil properties. The 
key vegetation parameters are those influencing interception and transpiration. 
Maximum stomatal conductance (Karvonen 2009b) needed in the transpiration model 
was calibrated using the sap flow measurements from forest intensive monitoring plots 
(FIP) (Haapanen 2008, 2009), and parameters related to conductance dependence on 
meteorological variables and soil water pressure head were taken from the literature 
(Kellomäki & Wang 2000).  Rainfall and snowfall interception capacities were 
calibrated using the FIP data and other interception model parameters were taken from 
the literature (Koivusalo & Kokkonen 2002).    
 
Soil hydraulic parameters include saturated hydraulic conductivity and parameters of 
the soil water retention curve (van Genuchten model).  The parameter values and their 
source for the FIP plots are shown in Table 4-2.  Initial values for the soil water 
retention curve parameters were obtained from measured particle size distribution 
curves (Jauhiainen 2004) and calibration was used to find the final values used in the 
model (Karvonen 2008, 2009a). 
 
 
 
Figure 4-4.  Computed recharge rates (% of precipitation) at various depths in the 
bedrock (Karvonen 2009a). Location of some of the hydrogeological zones is shown. 
Background map: topographic database by the National Land Survey of Finland. Map 
layout by Jani Helin/Posiva Oy. 
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Table 4-2.  The parameters of the soil water retention curves of the soil types classified 
for the forest intensive monitoring plots (FIP). Saturated water content S, residual 
water content R, parameters  and  of the van Genuchten function and horizontal KH 
and vertical saturated hydraulic conductivity KV.  Parameter source is indicated in the 
table. 
 
Parameter FIP4 FIP10 FIP11 Explanation Source * 
θS 0.44 0.46 0.47 Saturated water content (m
3
/m
3
) 2 
θR 0.05 0.07 0.08 Residual water content (m
3
/m
3
) 2 
α 2.9 2.5 2.3 Parameter in van Genuchten function (1/m) 1 
β 2.13 1.89 1.56 Parameter in van Genuchten function (-) 1 
KH 0.8 0.72 0.45 Horizontal hydraulic conductivity (m/d) 3 
KV 0.5 0.45 0.25 Vertical hydraulic conductivity (m/d) 1 
*Sources: 1 = Calibration based on measured water balance data; 2 = Jauhiainen (2004); 3 = Tammisto et al. (2005) and Keskitalo 
(2008). 
 
 
Hydraulic properties of the overburden 
 
In general, the groundwater table follows the topography with few exceptions. Over the 
majority of the island there are less than 2 m of overburden above the average 
groundwater surface, which is similar to the typical fluctuation of groundwater level 
(Posiva 2003a). In other words, the groundwater level can be close to the ground surface 
for at least some periods during some years over most of the island, excluding the 
highest elevations. Areas with a groundwater level close to the ground surface are 
shown in Figure 4-5.  
 
Since 2002, hydraulic testing has been carried out in the upper part of the bedrock 
(shallow bedrock holes called PP) and in the overburden (tubes called PVP) by using 
the slug test technique (Hellä & Heikkinen 2004; See App. A, Fig. A-4 for the 
locations). The results of previous measurement campaigns in 2002, 2004–2008 have 
been reported by Hellä & Heikkinen (2004), Tammisto et al. (2005), Tammisto & 
Lehtinen (2006), Keskitalo & Lindgren (2007) and Keskitalo (2008, 2009).  
 
On the basis of slug tests in 2008 in shallow overburden tubes (PVP), the hydraulic 
conductivity was found to be in the range of 10
-5–10-8 m/s and in shallow drillholes (PP) 
in the range of 10
-6–10-9 m/s, varying with the grain size distribution, especially with the 
clay content (Hellä et al. 2004). The values in 2008 were comparable with earlier 
measurements and generally quite close to each other, with some exceptions: in one 
shallow overburden tube there seems to be a lowering trend in the hydraulic 
conductivity and in another a small increasing trend year after year (Keskitalo 2009). 
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Figure 4-5. Thickness (m) of ground layer, soil and bedrock, above the long-term 
average groundwater table. On low areas, around some springs and adjacent to 
constructions, the hydraulic head is above the ground surface. Values are based on 
elevation model by the National Land Survey of Finland using the elevation – 
groundwater table relation fitting method presented in Ikonen (2007b). Map layout by 
Jani Helin/Posiva Oy. 
 
 
Surface runoff  
 
Olkiluoto Island forms a hydrological unit of its own; the surface waters flow directly 
into the Bothnian Sea. On the basis of topography and flow directions in ditches, the 
island is divided into several local drainage basins (catchment areas) as shown in Figure 
4-6. The main water divide splits the island into northern and southern parts. In the 
northern part, ditches and small streams form obvious routes for surface runoff, but, in 
the southern part, the routes are more diffuse and less obvious, especially near the 
shoreline, due to subdued relief. Four measurement weirs have been installed in the 
main ditches since 2005 (see App. A, Fig. A-1). However, there were some technical 
problems in these V-shaped weirs, and they were replaced by new automatic ones in 
early 2008. The new measuring weirs have been deployed and have produced reliable 
data since late April, 2008. Preliminary results are presented in Haapanen (2009), and 
this data set will be included in the next Biosphere description report. 
 
 
Hydrogeochemistry 
 
The monitoring of shallow groundwater observation tubes (PVP) and drillholes (PP, 
PR) started on a regular basis in 2001. The selection of the sampling points is based on 
earlier results for 2001–2008 (Hatanpää 2002, Backman et al. 2002, Paaso et al. 2003, 
Posiva 2003a, Kröger 2004, Hirvonen 2005, Hirvonen et al. 2006, Pitkänen et al. 2007b, 
2008). Sampling is carried out twice a year; in spring and autumn. The 
hydrogeochemical monitoring system is described in Posiva (2003b). See App. A, Fig. 
A-4 for the monitoring locations. 
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The shallow groundwater is mainly fresh and occasionally slightly brackish. The pH of 
the samples has varied from 4.9 to 8.0. For comparison, in the test pits KK6-KK13, soil 
pH varied from 4.0 to 8.0 in the surface layers and in the unaltered till from 6.5 to 8.0 
(Lahdenperä et al. 2005). In some cases, the lowest pH values (<5.5) were found in very 
shallow tubes, near the surface, where surface waters could have been mixed with the 
groundwater. The groundwaters near the overburden, thus having shorter retention 
times, contain fewer dissolved elements than deeper groundwaters. However, shallow 
groundwaters react quicker, for example, to the percolating water and to a large extent 
to seasonal changes. The main reasons for the changes in groundwater quality are 
probably changes in precipitation and the fluctuation of the groundwater table (Pitkänen 
et al. 2008).  
 
In overburden and shallow bedrock, water-solid interactions relate to infiltrating 
meteoric water without any notable mixing with older groundwater types.  However, 
salinity (TDS, Cl, Na and SO4) clearly increases in shallow groundwater in the low-
lying southern parts of the site where sampling points are situated in the vicinity of 
bedrock depressions and interpreted fracture zones. This indicates possible discharge 
areas for slightly deeper groundwater with elevated salinity derived from former 
seawater, mostly from Litorina Sea (Posiva 2003a, Pitkänen et al. 2004, 2007b, 2008).  
 
 
Figure 4-6.  Drainage basins and ditches at Olkiluoto, based on work by Karvonen 
(2008). Background map: topographic database by the National Land Survey of 
Finland. Map layout by Jani Helin/Posiva Oy.  
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The samples collected since the Baseline report (Posiva 2003a) correspond quite well 
with the previous results with some exceptions. In some groundwater parameters, long-
term increases or decreases, as well as seasonal fluctuations have been observed. The 
main factors affecting groundwater quality are both natural (geology, closeness of the 
sea, climate, changes in groundwater level) and human-induced (relatively heavy 
infrastructural works and road salting; Pitkänen et al. 2008). As well, evidence of fresh 
water leakage from the Korvensuo reservoir has been seen (Pitkänen et al. 2004, 2007a, 
2008).  
 
A part of the database from 2004–2006 comprises 39 complete analytical datasets on 
microbiology, chemistry, and dissolved gas composition assembled in four sampling 
campaigns from measurements from 16 shallow observation tubes and boreholes 
ranging in depth from 3.5 to 24.5 m. The presence of aerobic and anaerobic micro-
organisms, including methane-oxidising bacteria, has been documented. Future 
sampling and analysis will reveal whether ONKALO construction has influenced 
biogeochemical conditions in the surrounding groundwater (Pedersen 2008).  
 
Soil water 
 
The chemical composition of soil solution has been monitored in three intensively 
studied plots using plate lysimeters. The monitoring period is longest, five years, in the 
approximately 40-year-old Scots pine stand (FIP4), whereas the monitoring periods for 
the mature Norway spruce stand (FIP10) and the young mixed forest stand (FIP11) have 
been four and one years so far, respectively. See App. A, Fig. A-5 for monitoring 
locations and (Haapanen 2009) for detailed data tables. 
 
During the monitoring period, the proportion of percolation water passing down to a 
depth of 5 cm varied between 15 and 23% of the input to the forest floor (stand 
throughfall) in the Scots pine stand. In the Norway spruce stand, there have been 
problems with sampling, but the results have now reached those of the Scots pine stand 
(23 and 28% in 2007 and 2008, respectively).  The amount of percolation water was 
lowest in the young mixed stand.  
 
The pH of the soil solution clearly increased with increasing depth.  There was some 
variation between years at some depths, but mainly the situation was relatively constant. 
The pH values of the Scots pine stand were fully comparable with a reference site, but 
those at the Norway spruce and young mixed stand were considerably higher. Soil 
solution pH correlates with base cations (Ca, Mg, K), the amounts of which are strongly 
elevated at the Norway spruce and young mixed stand. One reason is the younger age of 
the soils at these plots (relatively strong weathering processes release abundant amounts 
of these nutrients), another is the shorter time since installation of the lysimeters, with a 
potential short-term flush still affecting the results (this phenomenon lasted for 
approximately five years at FIP4). At the Scots pine stand, this effect is already 
levelling off and the concentrations of Ca, Mg and K are now approaching the levels of 
the reference site.  
 
The DOC concentration of the soil solution clearly decreased with increasing depth. In 
the Scots pine stand, the short-term flush after the installation of the suction-cup 
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lysimeters has levelled off now, five years after installation. However, in the uppermost 
layer (just below humus) the concentrations were considerably higher than at the 
reference site. In the Norway spruce stand, the DOC concentrations at all depths were 
still considerably higher than at the reference site. In both cases, the values were not 
excessively high for organic matter-rich forest soils under a coniferous tree stand. 
However, there are no signs of the DOC concentrations decreasing in the Norway 
spruce plot after four years of lysimeter installation. DOC is a parameter that is also 
strongly affected by precipitation and soil temperature.  
 
In the Scots pine plot, total nitrogen closely followed the pattern for DOC 
concentrations. Most of the nitrogen in the soil solution is in the form of dissolved 
organic nitrogen (DON). The NH4-N and especially the NO3-N concentrations were 
extremely low at all depths in the mineral soil throughout the five-year period. This is 
primarily due to the fact that nitrogen is the main factor limiting tree growth in 
coniferous stands in Finland; the available nitrogen (NH4 and NO3) mineralised from 
the organic layer is rapidly taken up by the roots of the trees and ground vegetation. In 
the Norway spruce plot, there was a gradual decrease in total N over the four-year 
monitoring period, which has not been paralleled by a corresponding decrease in DOC 
concentrations. 
 
Sulphate results were diverse, lower or similar to the reference at the Scots pine plot and 
higher or similar at the Norway spruce plot. Sulphate concentrations increase with 
increasing depths at all the ICP Forests Level II plots in Finland (Derome et al. 2007), 
and this also applies at Olkiluoto. Phosphate concentrations are very low in the soil 
solution at most forested sites (including Olkiluoto) in Finland (Derome et al. 2007). 
 
The Na and Cl concentrations are high and typical of coastal areas. Elements associated 
with soil-forming processes (e.g., Al, Fe, Si) are present in relatively high 
concentrations. This is due to the young age of the soil. For example, silicon plays an 
important role in soil-forming processes (podzolisation) under coniferous tree species. 
In the young mixed stand, the intensive uptake of nutrients (and corresponding release 
of protons) by the roots of young trees and dense ground vegetation results in an 
increase in the dissolution of these elements through the weathering of soil minerals. 
 
In the Scots pine stand the Zn concentrations were relatively constant throughout the 
monitoring period, and in the Norway spruce stand slightly higher than at the reference 
sites.  The concentrations of Cu, Cd, Cr, Mo and Pb were below the limit of 
quantification. Nickel concentrations have occasionally been slightly elevated in the 
Norway spruce plot at deeper depths. This is a relatively common finding in soils that 
have developed from marine sediments.  
 
Tree stand transpiration in forest intensive monitoring plots (FIP4 and FIP10) 
 
Forest vegetation plays an important role in the water cycle between soil and 
atmosphere, because it transfers the precipitated water back to the atmosphere through 
evapotranspiration. In Finnish conditions, the proportion of evapotranspiration of 
precipitation varies between 50–60% (Vakkilainen 1986). The first indicative 
transpiration results have been obtained from the intensively studied Scots pine and 
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Norway spruce plots. The values of monthly transpiration at stand level are presented in 
Figure 4-7. Annual transpiration estimated for the period June 2007–May 2008 was 132 
mm in the Scots pine stand (FIP4) and 200 mm in the Norway spruce stand (FIP10). 
The weather conditions influence transpiration in multiple ways. First, radiation 
provides the necessary energy and water pressure deficit in the air is the prerequisite for 
the atmospheric demand needed to move water molecules from the plant to the air. Then 
wind mixes the air and transfers water vapour away from the tree canopy, and enables 
more water to move into the air next to the stomata. As an example, a high rate of 
transpiration occurs on a warm, dry, windy day, whereas on a rainy, cool day 
transpiration is generally low. 
 
 
 
 
Figure 4-7. Monthly stand level transpiration (June 2007 to May 2008) in the Scots 
pine (FIP4) and Norway spruce (FIP10) stands.  
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4.1.4  Microbial activity 
At Olkiluoto, investigations have been performed to establish the baseline of 
geochemical  (Pitkänen et al. 2007b) and microbial conditions in the deeper subsurface 
during the site investigation period 1996 to 2000 (Haveman et al. 1998, 1999, 2000; 
Haveman & Pedersen 2002). The sampling programme has been continued also 
thereafter. The depth range of these deeper groundwater samples was from 34 to 900 m. 
To fill the gap in knowledge about the shallow groundwater environment, a series of 
investigations of shallow boreholes in Olkiluoto was performed in parallel with the 
newer Olkiluoto deep groundwater investigations. Samples were collected on four 
different occasions from 16 shallow boreholes ranging in depth from 3 to 24.5 m (see 
Pedersen 2006, 2007, Pedersen et al. 2008a and Pedersen 2008 for more information on 
the study design).  
 
The characteristics of microbial communities are important from the point of view of 
the nutrient fluxes in the soil. A study by Potila et al. (2007) provided descriptive data 
about the microbial biomass, community structure and activity in the organic layer of 
forest soils in Olkiluoto in September 2006. In that study, the variations in the level of 
N mineralisation, dissolved N compounds, fungal biomass and microbial community 
structure in the set of MRK plots (App. A, Fig. A-5) were within the normal range of 
other published data for similar forest types in Finland.  
 
Micro-organisms are generally more active at the border between systems where 
gradients of electron donors, carbon sources and electron acceptors meet, than in 
homogenous, mixed systems. Obvious examples where such gradients can be found are 
between shallow organic-rich sediments and the overlying water and sub-seafloor hot 
springs. The observed geological and geochemical conditions in the underground of 
Olkiluoto suggest the presence of two zones that would fulfil similar gradient 
requirements.  
 
The first zone is the varying shallow depth down to 24.5 m in Olkiluoto that differs 
significantly from deeper layers in several aspects. This zone includes porous geological 
layers of overburden materials such as organic soil, sand and silt whereas deeper layers 
consist of various Precambrian, metamorphic fractured rocks that are intruded by 
igneous rocks (Andersson et al. 2007). The shallow zone lies between the oxygenic, 
photosynthetic surface biosphere and the anaerobic, reduced deep biosphere. Rain water 
transports oxygen and organic and inorganic material from the surface downwards. 
Reduced gases such as methane and hydrogen from deep geological and biological 
processes ventilate to the atmosphere upwards through the shallow zone. Thus, 
microbial populations can be hypothesized to be more numerous, diverse and active in 
shallow groundwater, where oxygen, organic carbon and methane mix, compared with 
the underlying, deeper, anaerobic groundwater. Microbial reduction of oxygen during 
degradation of organic material and methane is hypothesised to be continuous in 
shallow groundwater, which would preserve the future repository anaerobic and 
reduced. Chemical reduction of oxygen is also present, but is limited by the availability 
of ferrous minerals. Once these minerals are oxidized, their oxygen reducing capacity is 
lost, but biological reactions will go on as long as organic carbon and methane is 
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available. The results obtained so far from Olkiluoto (Pedersen et al. 2008b) support this 
hypothesis.  
 
At the surface, the N mineralisation rate was higher under Norway spruce (6.48–34.5 
mg/m
2
/d, 0.58–3.99 mg/kgOM/d) than Scots pine (1.4–5.54 and 0.28–1.26, respectively). 
More fungal biomass was found in the soil under Scots pine, suggesting that fungi 
played a bigger role in the soil nutrient fluxes in the Scots pine plots than in the Norway 
spruce plots (Potila et al. 2007). The functioning and structure of the soil biota was 
characterised by a large variation within and between the studied plots. Generally, 
microbial community structure and activity vary spatially and temporally, and they have 
a non-random spatial distribution (Sylvia et al. 1999). 
 
The second typical border zone in Olkiluoto is found around the depth of 300 m, where 
the concentration of methane with depth increases abruptly up to 100-fold, and the 
content of sulphate decreases significantly and gets close to nil below 400 m (Pedersen 
et al. 2008b). However, the sulphate-rich groundwater is mobile relative to the 
underlying methane-rich, saline groundwater (Andersson et al. 2007). A possible 
explanation for the observed rapid change in methane concentration at about 300 m 
could be mixing and dilution of the deep saline groundwater with the overlying 
groundwater. It remains to be proven that anaerobic methane oxidation (ANME) 
processes are of significance in deep Olkiluoto groundwater. 
 
4.1.5  Flora  
According to a forest survey of 559 sample plots (Saramäki & Korhonen 2005), the 
forests in Olkiluoto are growing on slightly more fertile sites than in Southwestern 
Finland (Fig. 4-8). The tree species distribution of forests differs from that of 
Southwestern Finland mainly due to the higher fertility of the soils and the great 
proportion of coastline. There is a greater amount of Norway spruce (Picea abies; 44% 
of growing stock volume) and deciduous species in Olkiluoto than in Southwestern 
Finland. In Olkiluoto, the proportion of silver birch (Betula pendula) and downy birch 
(B. pubescens) is over 22%, while other deciduous trees (mainly black alder, Alnus 
glutinosa) account for over 8%. Black alder typically forms a belt right behind the 
treeless shore vegetation zones. The proportion of Scots pine (Pinus sylvestris) 
dominated forests (32% of forest and scrub land area) is lower than in Southwestern 
Finland. However, due to planting of pine during the last few decades, pine dominates 
44% of forests under 40 years of age in Olkiluoto. There is a large, relatively untreated 
area of mature spruce forest, the Liiklanperä area, which was first conserved as an old 
growth forest (in accordance with Act 1115/93), and later joined to the Natura 2000 
network (Saramäki & Korhonen 2005). The spatial distribution of dominant tree species 
in the survey by Saramäki & Korhonen (2005) is shown in Fig. 4-9. 
 
According to Saramäki and Korhonen (2005), the forests of Olkiluoto are on average 
younger than in Southwestern Finland (Fig. 4-8). In Southwestern Finland, one-third of 
forests were younger than 40 years, whereas the corresponding figure for Olkiluoto was 
close to two-thirds. Forests of over 120 years of age were nearly missing from Olkiluoto 
(Fig. 4-8). The mean volumes of different age classes were rather similar in Olkiluoto 
and in Southwestern Finland. The mean volumes in the oldest age classes were, 
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however, greater in Olkiluoto due to the fact that these forests include a large area of 
mature spruces in the nature conservation area.  
 
The average volume of growing stock on forest land at Olkiluoto was 112 m
3
/ha in 2004 
(Saramäki & Korhonen 2005). The average growth rate has been estimated to be 6.3 
m
3
/ha/y (Rautio et al. 2004). The volume is less than the average for Southwestern 
Finland. During the past decade, there have been cleanings of seedling stands and 
cuttings in 45% of the forest area of Olkiluoto (Saramäki & Korhonen 2005). The lower 
volume is caused by the younger age of forests and the larger amount of shoreline 
forests with low productivity. However, the large relative proportion of young forests 
growing rapidly makes the growth rate higher than in Southwestern Finland. Norway 
spruce is responsible for most of the volume and increment of growing stock followed 
by Scots pine and silver birch. The greatest volumes per hectare were observed in the 
Natura 2000 area. The spatial distribution of stand volumes in the survey by Saramäki 
& Korhonen (2005) is shown in Fig. 4-9. 
 
The relative area of mires in Olkiluoto is less than in Southwestern Finland on average 
(Saramäki & Korhonen 2005). Since the area has been under active management, the 
proportion of undrained mires is also lower than in Southwestern Finland (Saramäki & 
Korhonen 2005). The peat layers are shallow (Tamminen et al. 2007), the hydrological 
conditions of drained mires are still changing, and the mires are small, which makes the 
estimation of mire coverage difficult. Estimates range from 4% (Rautio et al. 2004) to 
15% (Saramäki & Korhonen 2005) of forest, scrub and waste land area. Despite the 
small amount of mires, the range of mire types is wide, and there are both forested and 
treeless mires, as well as seashore swamps (Miettinen & Haapanen 2002). Eutrophic 
treeless reed-rush or sedge-herb swamps are common on the island. Close to the 
seashore, these swamps, which are usually small in area, were originally coves cut off 
from the sea by land uplift. Olkiluodonjärvi is the widest reed-rush swamp in the inland 
area (Miettinen & Haapanen 2002). The mires are the least species-rich habitats in 
Olkiluoto (Table 4-3). Typical species for mires were, for example, Calamagrostis 
purpurea, bog arum (Calla palustris), Equisetum sylvaticum, and, above all white 
mosses (Sphagnum spp.; Huhta & Korpela 2006). 
 
For reasons presented in the previous paragraph, a more detailed description of mires is 
provided based on a set of reference mires selected from the mainland. 
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Figure 4-8. Distribution of forest, scrub and waste land by forest site type (above) and 
distribution of forest land into age classes (below) in Olkiluoto in 2004 and in 
Southwest Finland Forestry Centre in 1998 (Saramäki & Korhonen 2005). Forest site 
type classes include mires with similar fertilily. Site types according to Cajander 1949: 
OMT, Oxalis acetosella-Vaccinium myrtillus sites; MT, Vaccinium myrtillus sites; VT, 
Vaccinium vitis-idaea sites; CT, Calluna vulgaris sites; ClT, Cladonia sites; Bedrock, 
sites with no or a very shallow mineral soil layer.  
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Figure 4-9. Dominant tree species (above) and mean volume (m3/ha; below) on the 
plots inventoried in 2004 (Saramäki & Korhonen 2005). Background map: topographic 
database by the National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy. 
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 Table 4-3. Number of species in the forest types. Subscript indicates the standard error 
of the mean. Data by Huhta & Korpela (2006).  
 Spruce forests 
Pine 
forests 
Deciduous 
forests 
Alder 
forests Mires 
Number of quadrats 456 104 80 56 56 
Tree saplings & bushes 15 9 12 13 7 
Dwarf shrubs 9 9 5 2 6 
Herbs 65 33 43 53 23 
Grasses & sedges 22 19 23 27 13 
Field layer total 96 61 71 82 42 
Total number of vascular species 111 70 83 95 49 
Bryophytes 54 43 25 24 42 
Lichens 9 25 1 1 1 
Ground layer total 63 68 26 25 43 
Average no. of vascular species /quadrat 6.70.14 5.80.49 8.80.41 8.10.42 4.60.36 
Total 174 138 109 120 92 
 
The field-layer vegetation of the conifer tree stands is generally dominated by bilberry 
(Vaccinium myrtillus) and lingonberry (Vaccinium vitis-idaea). However, Scots pine-
dominated forests on rock surfaces support low-demanding species adapted to dry, 
sunny conditions, such as dwarf-shrubs with wax-covered leaves (Calluna, Empetrum), 
or lichens (Cladina), as well as some lingonberry and bilberry, differing clearly from 
other conifer tree stands. Deciduous forests are commonly characterised by tall grasses. 
The field layer of deciduous forests dominated by black alder consists of demanding 
fern and vascular species. Spruce forests contain more species than other habitats, but 
deciduous forests have the highest average number of species per m
2
 (Table 4-3) (Huhta 
& Korpela 2006). 
Regarding radionuclide concentrations in plants, there are some data from the samples 
collected within the nuclear power plant's monitoring programme (summarised in 
Ikonen 2003, Roivainen 2005, Haapanen 2005–2009). In addition, in the case study of 
Roivainen (2006), understorey plants, roots and litter from three shoreline alder stands 
were analysed for gammaemitters of which only Be-7, K-40, Cs-134 and Cs-137 gave 
results over the limit of quantification. 
 
Except for Roivainen (2006), the vegetation samples are not from the locations where 
data on respective concentrations in soil are available, and thus radionuclide-specific 
concentration ratios cannot be reliably estimated with these data. Furthermore, the suite 
of nuclides observed is rather limited: basically Cs-137, and Cs-134 and K-40, with 
some more occasionally observed other radionuclides. However, these data can be used 
to define the radioecological baseline prior to the operation of the spent nuclear fuel 
repository. 
 
4.1.6  Terrestrial and avian wildlife 
The wildlife surveys made in Olkiluoto have concluded that the community 
composition and species richness on the island do not deviate from the surrounding 
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districts. Commercial forestry is the single most significant factor affecting the current 
wildlife in Olkiluoto, as well as elsewhere in the forested areas of Southern Finland.   
A generic food web in a forest ecosystem in Olkiluoto is presented in Figure 4-10. Food 
webs are organized into three main categories, depending on the kinds of organisms 
they contain. The three primary trophic levels consist of producers, consumers and 
decomposers. Producers are organisms that can make their own organic compounds 
through photosynthesis using simple inorganic compounds (e.g. vegetation, see Fig. 4-
10). The next trophic level above the producers consists of consumers which have to eat 
other organisms to obtain nutrients. The consumer level can be subdivided in various 
ways. Immediately above the producers are the herbivores eating plants only (Fig. 4-
10). Some common examples of the herbivores include squirrel, hares, mice, moose and 
seed-eating birds. The herbivores are sometimes called first-order consumers or primary 
consumers because they occupy the first level above the producer level. Above the 
primary consumers, the food web may include two other types of consumers. Some are 
secondary consumers or second-order consumers, meaning that they eat primary 
consumers. Snakes that eat mice (primary consumers) are secondary consumers. Other 
higher-level consumers are tertiary consumers or third-order consumers, and eat further 
up on the food web or perhaps on many levels. Carnivores are animals that eat other 
animals, and omnivores are animals that eat both plants and animals. Within the food 
web, carnivores and omnivores can be on any higher trophic levels.  
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Figure 4-10. A generic food web structure in forests. From the prey of humans, often 
significant amount ends up in waste, but also other parts than meat are stored (e.g. 
hides and antlers). 
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Birds 
 
Regarding land birds, Olkiluoto Island is a typical representative of Southfinnish coastal 
forest areas; even though the number of species is high, the area is not important for the 
occurrence of rare species. Yrjölä (1997) observed that the birdlife in areas with the 
strongest human impact had a lower conservation value when compared with the 
birdlife in the shoreline habitats and the old-growth forest area on the southern side of 
the island.  
 
In 2008, altogether 65 land bird species were observed in the studied transects (Yrjölä 
2009). Some more were observed outside the study locations, and further, some are 
mentioned in the bird atlas of the Rauma region to probably nest in the area (Vasko et 
al. 2006). 
 
In both surveys done by Yrjölä (1997, 2009), chaffinch (Fringilla coelebs) and willow 
warbler (Phylloscopus trochilus) were the most abundant species, but in 2008 the 
density of chaffinch was slightly higher and that of willow warbler slightly lower than 
in 1997. This reflects the development of the populations of these species nationwide. In 
2008, the most abundant species included more species that are common in human-
altered habitats and that live near urban areas, whereas species typical of Norway spruce 
forests and hardwood swamps had slightly declined. The most striking difference in 
species abundances between the two surveys was the strong increase in the abundance 
of red-backed shrike (Lanius collurio). This increase may be due to the increase of 
habitat suitable for the species near the power plant and along power lines, or due to the 
strong annual fluctuation of population size exhibited by the species. Of the 
gallinaceous birds, the population of the Eurasian black grouse (Lyrurus tetrix) seems to 
have significantly declined, which reflects the decline of the species across Satakunta 
and Southwestern Finland in the last 20 years (Yrjölä 2009).  
 
The hunting pressure on game birds is minimal (Table 4-4). Given the size of Olkiluoto 
Island, hunting mortality does not have any significant effect on game bird populations 
on the island. Regarding migratory birds, it is, of course, possible that high mortality 
elsewhere can also affect population viability in Olkiluoto.  
 
Table 4-4 Catches of game birds and hooded crow at Olkiluoto in 2004–2007 (Ikonen 
et al. 2003, Oja & Oja 2006, Haapanen 2007). Waterfowl is presented in Section 5.1.  
Species 2004 2005 2006 2007 
Hazel grouse (Tetrastes bonasia) 5 0 0 0 
Eurasian black grouse (Lyrurus tetrix) 1 0 1 0 
Eurasian woodcock (Scolopax rusticola) 2 0 0 0 
Hooded crow (Corvus corone cornix) 2 2 0 0 
 
 
Mammals 
 
The mammalian fauna on the island is very typical of coastal areas in Southwestern 
Finland (Ikonen et al. 2003, Ranta et al. 2005, Oja & Oja 2006, Nieminen & Saarikivi 
2008, Haapanen 2007–2009). The annual game bag for the Olkiluoto Island is presented 
in Table 4-5. The figures are based on actual numbers of hunted individuals only for 
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moose and white-tailed deer, since these can be hunted only with individual permits. 
Other figures are based on oral statements from hunters and thus are more prone to 
error. 
 
Small mammals were surveyed in 2004 (Ranta et al. 2005), and again more thoroughly 
in 2008 (Nieminen & Saarikivi 2008). A total of six species was found in these surveys: 
yellow-necked mouse (Apodemus flavicollis), bank vole (Myodes (Clethrionomys) 
glareolus), East European vole (Microtus levis), field vole (Microtus agrestis), water 
vole (Arvicola amphibius) and common shrew (Sorex araneus). Bank vole was most 
abundant in both studies. According to Nieminen & Saarikivi (2008), a hay field and 
most of the forest types harboured high numbers of individuals, whereas open habitat 
types had the lowest numbers. The observed species were rather common species in 
Southern Finland, though yellow-necked mouse and water vole, found only in the 2008 
survey, and in small numbers, are probably rare in Olkiluoto. Yellow-necked mouse 
was caught by traps also in a case study by Roivainen (2006) in the northern and north-
western black alder plots, together with bank vole. In addition, Olkiluoto is within the 
potential range of at least five other species: pygmy shrew (Sorex minutus), water shrew 
(Neomys fodiens), harvest mouse (Micromys minutus), brown rat (Rattus norvegicus) 
and house mouse (Mus musculus). Population densities of small mammals are known to 
vary in a more or less cyclic manner in Southern Finland. In 2008, vole densities in 
Southern Finland were at a peak, and were higher than has been recorded in several 
decades (Metla 2008).  
 
Bat populations on the island were surveyed in 2004 (Ranta et al. 2005). Three or four 
species of bats were found in this case study – two of them being indistinguishable from 
each other with the acoustic method used. The observed species represented the most 
common ones in the country. However, the observations are only diagnostic and no 
information of the numbers of individuals was obtained: the observation period was 
short, the study concentrated on a few transects and the survey was made in late 
summer. 
 
Table 4-5. Game catches (number of individuals) in Olkiluoto in 2002–2008 (Ikonen et 
al. 2003, Oja & Oja 2006, Haapanen 2007, 2009).  Missing information is marked with 
a -.  
Species 2002 2003 2004 2005 2006 2007 2008 
Moose (Alces alces) 10 - 5 7 6 7 5 
White-tailed deer (Odocoileus virginianus) - - 5 10 14 14 9 
Roe deer (Capreolus capreolus) 0 1 0 5-10 1 2 7 
Red fox (Vulpes vulpes) 1 7 - 1 3 0 1 
Raccoon dog (Nyctereutes procyonoides) 12 19 10 9 2 0 3 
European badger (Meles meles) 0 1 0 0 0 0 1 
American mink (Mustela vison) 2 8 - 9 3 2 2 
Mountain hare (Lepus timidus) 3 2 0 2 0 0 3 
Brown/European hare (Lepus europaeus) 0 1 0 2 0 0 0 
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In spite of the availability of a suitable habitat in the southern parts of the island, the 
endangered flying squirrel (Pteromys volans) does not seem to occur on the island. No 
signs of the species have been reported, and it is also unlikely that the species uses the 
island as a passage. (Lepola & Ojala 2007, Siitonen & Ranta 1997). 
 
Unlike birds, there are some mammal species on the island whose populations are 
regulated mainly by hunting. Some 30–50% of the populations of moose and white-
tailed deer are harvested annually. The populations before hunting season have been 
estimated to be 16 and 15–20, respectively (Oja & Oja 2006). The population of moose 
is slightly decreasing in Olkiluoto and that of white-tailed deer is increasing, both 
similar to other areas in Southwestern Satakunta. The changes in the population of roe 
deer are not known exactly, but the population size seems to be varying. The 
populations of small mammal predators (American mink, raccoon dog and red fox) 
were at a very high level in Olkiluoto in the hunting period of 2007–2008. The species 
were hunted less than in previous years. Mountain hare and European hare populations 
seem to be increasing despite the presence of predators and traffic (Haapanen 2009). 
 
Herpetofauna (reptiles and amphibians) 
 
Herpetofauna on the island was surveyed in 2008 (Nieminen & Saarikivi 2008). Two 
reptile species (common lizard, Zootoca vivipara and adder, Vipera berus) were found 
on the island in the survey, as well as two amphibian species (common frog, Rana 
temporaria and smooth newt, Triturus vulgaris). In addition, grass snake (Natrix natrix) 
has been observed previously on the island by Posiva workers and local residents. 
Olkiluoto was found to be generally not very favourable for most amphibians and 
reptiles. There are very few potentially suitable breeding ponds for amphibians on the 
island. Common lizard seemed to be widespread and abundant in the forested (eastern) 
areas of the island, and rocky hills, shoreline willows and a few meadows also make 
suitable habitats for the species. A possible hibernation site for adder was found on the 
island. No slow worms (Anguis fragilis) were observed in the survey, but, since the 
species is burrowing and secretive and thus not often encountered in the field, it may 
inhabit the island. No suitable habitats for moor frog (Rana arvalis) exist on the island, 
and thus the species can be assumed not to be present, though locals have mentioned the 
species to be found at the mouth of River Eurajoki. Common toad (Bufo bufo) was also 
considered to be absent from the island. (Nieminen & Saarikivi 2008). 
 
Invertebrates 
Ants were surveyed for the first time on the island in 2008 (Santaharju et al. 2009). 
Circa 11-13 species were found in the survey, belonging to five genera: Camponotus, 
Formica, Lasius, Leptothorax and Myrmica, the last being the most common genus with 
2,075 individuals of a total of 2,843 caught in the survey. No rare or endangered species 
were found among those specimens that could be identified to species level – all species 
represented rather common ones in Southern Finland. 
A small-scale preliminary survey on carabid beetles was carried out in 2005 by Ranta et 
al. (2005). The nine species observed were among the most common in Finland, and 
typical of the examined habitats (Ranta et al. 2005). A more thorough survey was 
conducted in 2008 (Santaharju et al. 2009), with approximately 32–33 species 
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belonging to 14 genera observed on the island. As with the ant species, no rare or 
endangered species were found and the individual present represented rather common 
species in Southern Finland. 
 
Of butterflies, it can be mentioned that the endangered and protected clouded apollo 
(Parnassius mnemnosyne) is found on the southern part of the island in Ilavainen 
(Lepola & Ojala 2007) 
 
Fauna living on mires of Southwestern Finland 
 
Due to lack of large mire areas and mature raised bogs in Olkiluoto at the present time, 
fauna living on mires are assessed on the basis on information from the literature.  
 
Birds 
 
The mix of bird species of the mires varies with mire habitat type. The mire birds of 
Southern Finland nest on treeless or nearly treeless mires. For the majority of these 
birds, the openness and wetness of the habitat is vital. Vast, open and wet or pool-rich 
mires producing abundant numbers of insects may support bird densities as high as 200 
pairs/km
2
. Species met with on these mires are, for example, meadow pipit (Anthus 
pratensis), Eurasian skylark (Alauda arvensis), northern lapwing (Vanellus vanellus), 
mallard (Anas platyrhynchos), common teal (Anas crecca), tufted duck (Aythya 
fuligula), common goldeneye (Bucephala clangula), yellow wagtail (Motacilla flava), 
white wagtail (Motacilla alba) and herring gull (Larus argentatus). Mire types that are 
unfavourable to insects, and consequently also to birds are, for example, low-sedge bogs 
and dry–fairly dry S. fuscum bogs. Of the forested types, pine mires are sunny but 
barren habitats, spruce mires are shadowy and more eutrophic. Pine mires on raised 
bogs support, for example, tree pipit (Anthus trivialis), whinchat (Saxicola rubetra), 
field flare (Turdus pilaris), merlin (Falco columbarius) and osprey (Pandion haliaetus). 
On spruce mires and mires with abundant tree stands, the nesting species are mainly 
forest birds, with the exception of open mire species, especially some waders, nesting in 
surrounding forests. A few species are also adapted to forested mire types. (Häyrinen 
1980)  
 
Other vertebrates 
 
Shrews are the most numerous mammals of the mires. Bigger mammals are represented 
by, for example, moose and many carnivores such as brown bear that sometimes prey 
on the mires. Regarding reptiles, adder, common frog and common toad are typical. 
Grass snakes can occur in lush coastal swamps. In pools and ponds, perch (Perca 
fluviatilis), pike (Esox lucius), tench (Tinca tinca), Crucian carp (Carassius carassius), 
and white bream (Blicca bjoerkna) may occur. (Skáren 1980). 
 
Invertebrates 
 
Butterflies are a highly visible component of the insect population of the mires, but they 
probably play a relatively small part in the local food webs (Mikkola 1980). The field 
layer of a pine mire is characterised by dwarf shrubs, supporting several invertebrates 
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and their predators. The species composition of the invertebrates living on the trees of 
the mires resembles that living on the same tree species in forests. However, some 
species are adapted to live on mire pines. Insects pollinating the flowers on the mires 
form a group of their own. Two-winged flies, such as mosquitoes, are particularly 
numerous. On field layers consisting of sedges and cotton grass, the number of insect 
species is smaller than on dwarf shrub-dominated layers (Koponen 1980). Invertebrates 
living either as larvae or adults in water or in wet moss are rather significant in the food 
web of the mire ecosystem. Insects form the most important group of invertebrates in 
mire waters. They have a crucial nutritional significance, especially to the birds of the 
mires. The pools and ponds support characteristic micro-organisms. Desmid algae are 
numerous. Only a few species of blue algae are found. However, some Stigonems and 
Haplosiphons are rather common. Of diatoms, species favouring acidity are common in 
the mire waters (Kansanen 1980). 
 
Radionuclides in fauna 
 
Based on the available data (Roivainen 2006), it is difficult to make reliable estimates of 
nuclide-specific concentration ratios from soil or from food to the animals. Furthermore, 
the suite of radionuclides observed is rather limited. However, the radionuclide data can 
be used to define the radioecological baseline prior to the operation of the spent nuclear 
fuel repository. 
 
 
4.2  Mires 
Mires described here are located on the larger Reference Area (Fig. 1-7), due to the lack 
of site data. They are presented mire by mire, rather than habitat by habitat, since mire 
pools typically comprise of several vegetation types. 
 
4.2.1  Geological and hydrological properties 
Kontolanrahka 
 
The Kontolanrahka mire is situated 80–86 m a.s.l. The central part of the mire surface 
rises to approximately 7 m higher than its surroundings. The surface area is about 8.8 
km
2
, and the catchment area is 12.4 km
2
. The mire is mainly bordered by clay fields and 
till soils. The bottom soil is clay, covered in some places by sandy layers. The average 
peat thickness is about 5 m, the thickness of the slightly decomposed peat layer is 
typically 2.8 m and that of the well-decomposed peat 1.4 m.  The surface peat was 
weakly decomposed and plant structure was distinct (3.4 according to von Post's scale), 
while the substratum/bottom peat was strongly decomposed and plant structure was 
indistinct, but recognizable (the degree of decomposition according to von Post's scale 
was 6.5). The average pH is 4.0 and ash content 1.5% (dw). The mire is one of the 
biggest raised bogs in Southwestern Finland. The centre supports several pools, 
surrounded by a well-developed net of strings. Some forested islands exist. The mire 
remains in quite a natural state, although the edges have been ditched and some peat has 
been harvested (Fig. 4-11). (Tuittila 1983). 
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There is AMS radiocarbon dating data from the mire, consisting of altogether 40 
samples, mainly of bryophyte remains. The mire started to form through paludification 
of a small central area around 9,400 years ago. About a half of the present area of 
Kontolanrahka bog became paludified during the first 2,000 years after its initiation, 
after which the horizontal expansion slowed down, being largely regulated by the 
landscape topography (Väliranta et al. 2007). 
 
The age-depth model (Yeloff et al. 2006) suggests three phases with differing 
accumulation rates during the last 5,000 years. In the basal section, from 4,980 to 3,900 
years ago, the accumulation rate was slow, 0.45 mm/y, probably because of repeated 
fires. Accordingly, the data has to be considered more uncertain for the section between 
500 and 450 cm. The peat accumulation was faster, 1.5 mm/y, at 3,900 years ago. A 
second turn into a slower rate took place at 2,800 years ago, after which the rate was 
0.96 mm/y up to the top of the peat core, excluding the top 25 cm (Väliranta et al. 
2007). The obtained accumulation rates are in general compatible with earlier values 
obtained from the Finnish raised bogs, ranging in general from 0.2 to 4.0 mm/y (average 
approximately 0.5 mm/y; Korhola & Tolonen 1996).  
 
 
 
 
Figure 4-11. A 3D model of Kontolanrahka mire. Stratigraphic data from the 
Geological Survey of Finland; the 3D model and map layout by Jorma Nummela/Pöyry 
Environment Oy.  Background map: topographic database by the National Land Survey 
of Finland. 
98 
 
Pesänsuo 
 
Pesänsuo mire is located 80-87 m a.s.l. It is of 0.17 km
2
 ha in size with a catchment area 
of 0.2 km
2
. The mire is nearly circular in shape (Fig. 4-12). The surface of the bog is 
approximately 7 m higher than the surrounding terrain and it is bordered by open 
farmlands.  The bog expanse in a longitudinal direction is an almost planar surface, 
sloping gently to the southeast, with a gradient of 80 cm over a distance of 300 m 
(0.2%; 0.15°). This contrasts with the southwest-northeast direction, in which the cross-
section is rather convex. The marginal slope is exceptionally steep, with a gradient of 
the northeastern slope of the cross-transect being 4.3% (2.5°) and at the southwestern 
slope 5.9% (3.4°).  
 
The history of Pesänsuo mire has been studied with biotic and abiotic methods, 
including 211 C-14 datings. Based on these data, mire initiation took place as a result of 
primary mire formation after the area emerged from the Ancylus Lake of the Baltic 
basin at about 9,200 years ago. The paludification was later promoted by forest fires. 
Pesänsuo developed initially as a swampy sedge fen with meso-eutrophic and meso-
oligotrophic species and was replaced by a true tall-sedge fen with more oligotrophic 
vegetation at about 8,900 years ago. The edaphic impoverishment continued with 
increasing peat depth and a Spahgnum fuscum bog phase was attained 7,300 years ago 
in the bog centre and 6,400 years ago at the margin. (Ikonen 1993). 
 
Peat growth during the sedge-fen phase and at the end of the minerotrophic stage was 
approximately equal both in the bog centre and at the margin (Ikonen 1993). After that 
the development was no longer synchronous. The difference in the development of the 
mire site types and in the hydrology between the sites may be explained by difference in 
the water table, which, due to the slope of the margin, lies deeper than on the bog 
expanse. The transgression of the mire, however, has been very slow, resulting in a 
distinctly domed gross morphology and steep marginal slopes. The marginal parts have 
been drier than the bog centre since the early phases of bog development. (Ikonen 
1993).  
 
The rate of peat increment was rapid between 7,700 and 6,050 years BP, but slowed 
down between 6,050 and 5,000 years BP. Since 5,000 years BP, three phases (5,000–
4,900, 4,200–3,800 and 2,500–2,400 years BP) with very high rates of peat increment 
and interspersing low rates have been recognised. For the whole peat sequence, a peat 
increment rate of 0.67 mm/y has been calculated. At marginal areas, however, the rate 
of peat increment has been consistently much slower than in a centre. 
 
For the Carex peat section, an average rate of 1.13 mm/y, at depths of 505–618 cm 
representing 8,200–700 years BP, has been calculated, the highest rate being 2.72 
mm/y. In the Sphagnum peat strata two sections with different rates of peat increment 
can be distinguished. In a lower section, at depths of 330–505 cm, representing 7,700–
6,050 years BP, the peat increment has changed from 0.5 mm/y to 2.08 mm/y. In an 
upper part, at depths 330–50 cm, since 5,000 years BP, the peat increment has varied 
from 0.5 mm/y to 3.22 mm/y. For the last two millennia, a decreasing rate of peat 
increment, averaging 0.22 mm/y has been recorded. The very low peat increment in the 
upper part of the profile could be explained by secondary compaction, which is caused 
by drainage. (Ikonen 1993). 
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Figure 4-12. A 3D model of Pesänsuo mire. Stratigraphic data from the Geological 
Survey of Finland; the 3D model and map layout by Jorma Nummela/Pöyry 
Environment Oy. Background map: topographic database by the National Land Survey 
of Finland. 
 
Lastensuo 
 
The Lastensuo mire is located relatively near to Olkiluoto Island, in Eurajoki 
municipality, at 44–48 m a.s.l. The surface area of the mire is 4.4 km2, and the area of 
the catchment is 11 km
2
. The mire is surrounded by hummocky till soils. The edges of 
the mire, especially in the western part, have been ditched (Fig. 4-13). This raised bog 
has two centres, of which the larger one contains a small lake, Lastensuonjärvi. The 
mire slopes to the SW. The deepest measured peat depth is 6.3 m. The bottom of the 
mire is even, and the bottom soil is mainly clay and sand, with mud stratified in thin 
layers above. There are easily weatherable, mafic diabase dykes in the bedrock. On 
average, the peat is slightly decomposed with somewhat pasty plant remains, which 
have lost some of their identifiable features (3.4 according to von Post's scale). The 
bottom peat layer has been dated to be 5,300 years old and the annual peat growth rate 
is 1.1 mm/y. (Mäkilä & Grundström 2008). 
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Figure 4-13. A 3D model of Lastensuo mire. Stratigraphic data from the Geological 
Survey of Finland; the 3D model and map layout by Jorma Nummela/Pöyry 
Environment Oy.  Background map: topographic database by the National Land Survey 
of Finland. 
 
Olkiluodonjärvi 
 
The Olkiluodonjärvi mire is a typical young peatland, which was initiated on an uplifted 
shore (current elevation is 1.5 m a.s.l, on average). Primary mire formation was 
controlled by the shore displacement of the Baltic Sea only some hundreds of years ago; 
the isolation occurred around 1491–1638 A.D. (Eronen et al. 1995, Vuorela et al. 2009).   
 
Nowadays, a powerline corridor runs through part of the mire. Built in late 1970s as 100 
m wide, it has later been extended to approximately 140 m. The mire has been ditched 
in the 1960s or early 1970s. Both ditching and removal of high vegetation under the 
powerline corridor have an impact on the hydrology. The mire discharges its waters via 
ditches either to the NW (northern pool) or to Rumminperä strait (from the rest of the 
mire). The mire gains surface waters from nearby mineral soil lands (sandy till) and also 
from the S/SW from ditches running from forest and agricultural areas. 
 
The Olkiluodonjärvi mire was studied in the spring of 2001 with ground-penetrating 
radar (Leino 2001). The depth of the till surface was found to be at about 1-3 m in the 
deepest area. However, till of the area was so conductive that the ground penetrating 
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radar was not able to reach the bedrock surface except in a few locations. Nearby power 
lines may also have caused noise. As well, a sand layer was found, having its origin at 
the time of isolation from the sea. The coastal forces washed the surrounding till soils 
and transported the sorted sand over the earlier deposited clay. At the southern side, a 
clay layer of one metre thickness at maximum was found. At the edges of the mire, no 
clay layers were found, and the gyttja layer lies directly on till (Leino 2001). 
 
In addition to 19 smaller control cores for the ground-penetrating radar (Leino 2001), 
four sample cores through the peat layers to the upper parts of the till layers were taken 
(Ikonen 2002a). The total depth of the cores varied from 40 cm to 1.5 m. Due to the 
young age of the mire, the peat layers are very thin, about 20–50 cm, mainly wet and 
weakly decomposed common reed-sedge-Sphagnum peat.  In some places, brown peat 
layers are found at the bottom of other peat layers. Under the peat layers there are 
detritus and gyttja clay, clay, sand and till layers (Ikonen 2002a), as conceptualised in 
Figure 4-14.  
 
The geochemistry of the peat samples and underlying mud horizons by Ikonen (2002a) 
were investigated separately for the solid and liquid phases. The concentrations of the 
main elements were determined from samples, as well as pH, cation exchange capacity 
(CEC), TOC, organic matter and water contents. For determining the activity 
concentrations of U-238, Cs-134 and Cs-137, peat soil and ditch water samples were 
measured. Table 4-6 presents the chemical characteristics of peat core samples in the 
solid phase using synthetic rainwater leach, which dissolves highly soluble elements and 
compounds (Ikonen 2002a, Lahdenperä et al. 2005).  
 
Five plots on Olkiluodonjärvi were studied within the soil survey by Tamminen et al. 
(2007). Carex peats with peat components of Cyperaceous, Sphagnum, Phragmites 
australis, Lignum and Equisetum dominated. The pH (H2O) in peat ranged from 3.1 to 
5.3, depending on dominant tree species, peat layer and site type. Peat density varied 
between 0.08 and 0.24 g/cm
3
, and nitrogen concentration between 1.23 and 2.61%. Peat 
C/N ratios were mostly under 25 (range 16.8–37.5), and indicated satisfactory nitrogen 
mineralisation conditions.   
 
Two groundwater observation tubes (PVP10A and PVP10B) locating in the 
Olkiluodonjärvi mire have been monitored twice a year since 2001. The main cation and 
anion concentrations have been found to be highest in the Olkiluodonjärvi mire as well 
as in other swampy and low-lying areas (Pitkänen  et al. 2007b), where sampling points 
are located in the vicinity of bedrock depressions and interpreted fracture zones that 
indicate possible discharge areas (Pitkänen et al. 2007a). 
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Figure 4-14. Stratigraphy for the deepest peat test core situated in the middle of the 
Olkiluodonjärvi wetland area (Lahdenperä et al. 2005, based on data of Ikonen 2002a). 
 
Table 4-6. Chemical characteristics of peat core samples extracted by synthetic 
rainwater from the Olkiluodonjärvi wetland. Median and range of values in parentheses 
(based on data by Ikonen 2002a).  
 
Variable Peat horizons N Mud horizons N 
pH 5.7 (3.4–7.6) 15 4.7 (3.1–6.8) 15 
CEC meq/100g 64.8 (20.5–104) 15 16.5 (12.0–63.5) 15 
TOC mg/kg 430 (140–510) 17 48 (1.1–480) 17 
Anions mg/kg     
Br <1–<3 14 1.2   1 
Cl 16.3 (11.6–96.2) 14 27.7 (16.3–42) 16 
F 3.6 (2.1–8.7) 14 1.5 (1.2–4.9) 16 
NO3 (9.7–10.5)   2 <2 17 
SO4 342 (59–135) 16 960 (219–3259) 17 
Cations mg/kg     
Al 6.8 (2.5–14.1) 13 6.7 (2.1–158) 17 
Ca 64.4 (29–287) 14 111 (41–283) 17 
Cs 0.1 (0.02–0.26) 14 0.04 (0.02–0.7) 16 
Fe 3.1 (1.1–175) 14 1.5 (1.1–4.9)   9 
K 34.4 (13.7–118) 11 32.2 (11.2–38.7) 13 
Mg 39.4 (15.7–137) 14 106 (33–206) 17 
Mn 0.7 (0.2–134) 14 0.7 (0.2–7.5) 17 
Na 52.2 (23.2–134) 14 84.2 (29–164) 17 
P 1.3 (1.0–2.2)   7 <1 17 
S 102 (23.7–462) 14 297 (75.6–764) 17 
Sr 0.3 (0.1–1.7) 14 1.1 (0.2–2.5) 17 
U 0.3 (0.1–2.4) 14 0.3 (0.1–23.2) 17 
Zn 0.8 (0.2–102) 14 0.7 (0.3–14.5) 15 
Geotechnical 
analyses 
    
Water content 
(weight-%) 
61 (24–69) 14 23 (4–48) 17 
Organic matter 
mg/g  
430 (140–510) 14 48.0 (1.1–480) 17 
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4.2.2  Flora 
Kontolanrahka 
 
The central part of Kontolanrahka mire is covered by hummock-hollow pine bog, as 
well as Sphagnum fuscum bogs. There the dwarf shrub species include heather (Calluna 
vulgaris), bog rosemary (Andromeda polifolia) and dwarf birch (Betula nana). The herb 
cloudberry (Rubus chamaemorus) is present. Some low-sedge bog (10%) is also 
present, supporting, for example, deergrass (Trichophorum cespitosum), rannock-rush 
(Scheuchzeria palustris), white beak-sedge (Rhynchospora alba), sundews (Drosera 
sp.), cranberry (Vaccinium oxycoccos) and intermediate bladderwort (Utricularia 
intermedia). At the edges, dwarf-shrub pine bogs exist (10% of the total mire area). A 
thin lagg
2
 of low-sedge bog is found in the western part, elsewhere these lagg mires 
have been taken into cultivation. In all, pine bogs cover 58% of the mire and treeless 
bogs 36%, 88% of the mire area being in a natural state (Tuittila 1983).  
 
Pesänsuo 
 
The central part, hummock-hollow pine bog, comprises about 45% of the whole bog 
area. There the proportion of hummocks is about 85%, and that of the hollows about 
14%; with the pools totally lacking. The hummock formations are broad, and their 
heights generally range from 20 to 30 cm, reaching occasionally 40 cm. The hollows, on 
the contrary, are restricted and vary in length from 4 to 19 m, with widths ranging from 
2.7 to 6.5 m. The hummocks and hollows show no clear alignment. However, in 
peripheral parts, some hummocks show a concentric arrangement. (Ikonen 1993). 
 
The vegetation of the marginal slope (area between the central plateau and the lagg) is 
that of a true dwarf-shrub pine bog. The surroundings of the bog have been cleared for 
cultivation. A thin-peat herb-rich forest, no longer in a natural state, occupies a narrow 
strip around the bog. (Ikonen 1993). 
  
The bog is densely wooded except for a small area on the bog expanse. The 
predominant tree species is Scots pine (Pinus sylvestris), although some stands and 
saplings of silver birch (Betula pendula) and downy birch (Betula pubscens) grow on 
the bog. At the outmost margin, some stands of aspen and willows are present, as well 
as birch. (Ikonen 1993). The stands are quite young, since, as late as the 1930s the bog 
was sparsely wooded by low pines and the eastern part of the bog was almost treeless 
(Kivinen 1934). 
 
The field layer on the hummock level contains abundant dwarf shrubs. The most 
common herb is cloudberry (Rubus chamaemorus). On the whole, the species 
composition corresponds to ombrotrophic vegetation of bogs in Southern Finland. In 
Eurola‟s classification of mires (1962), Pesänsuo represent the heather-rich (Calluna) 
type of a normal raised bog. The trend toward dryness due to drainage and peat 
harvesting is to be seen both in the great number of forest moss species and partly in a 
quite dense pine cover on the bog. (Ikonen 1993). 
                                                          
2 Laggs are narrow, minerotrophic formations at the boundary between the raised bog massif and the mineral soil. They are 
minerotrophic and do not belong to raised bog massifs morphologically, but rather form an entity of their own (cf. the concept of a 
raised bog complex, e.g. Eurola 1962). Laggs may be treeless fens, treed fens or forest mires (densily treed mires, which are not 
treed fens) (Laitinen et al. 2007). 
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Lastensuo 
 
The centre of Lastensuo mire is treeless or near-treeless. Sedges dominate the surface. 
Some pools exist. The easily weatherable, mafic diabase dykes of the bedrock influence 
the vegetation of this raised bog: some wide mesotrophic treeless mires exist by the 
laggs, as well as lush spruce mires. The flora of these rich types include, for example, 
early marsh-orchid (Dactylorhiza incarnata), Carex rhynchophysa, great pond-sedge 
(Carex riparia), purple moor-grass (Molinia caerulea) and wood club-rush (Scirpus 
sylvaticus). In many locations on the laggs, common reed dominates. Part of the mire 
has been drained. (www.ymparisto.fi).  
 
Olkiluodonjärvi 
 
Draining, which took place in the 1960s or early 1970s, and was supplemented in 
1970s/1980s, has greatly affected the species composition of Olkiluodonjärvi mire. 
Ditches have now been partly overgrown by mosses.  
 
Current mire types include, for example, swampy fens, where the moss layer is often 
sparse. Swamp forests are found as well. In forested areas, birch dominates, but Norway 
spruce and black alder are also found (Lappalainen et al. 1984). Some local iron 
precipitation exists among the vegetation cover (Leino 2001).  Huhta & Korpela (2006) 
studied four plots on the Olkiluodonjärvi mire and found the following types. 
 A peatland forest (transformed from a Norway spruce mire), where only the 
presence of peat strata indicated its mire origin.  
 A mire almost lacking a field layer with only four species: Calamagrostis 
purpurea, Oak fern (Gymnocarpium dryopteris), Carex canescens and spreading 
wood fern (Dryopteris expansa).  
 A hydrologically transformed herb-grass mire characterised by grasses and 
sedges such as Agrostis canina, Calamagrostis purpurea, Carex nigra, bottle 
sedge (C. rostrata) and especially common reed (Phragmites australis). The 
most common herb was swamp cinquefoil (Potentilla palustris). In the bottom 
layer, Sphagnum fimbriatum was very abundant and formed pure hummocks.  
 A hydrologically non-disturbed (not drained) mire, completely covered by 
common reed (Phragmites australis), leaving little space for any other species in 
the field layer. Only Carex magellanica, C. limosa, Common cottongrass 
(Eriophorum angustifolium), hare's-tail cottongrass (E. vaginatum), milk parsley 
(Peucedanum palustre) and Swamp cinquefoil (Potentilla palustris) occurred 
sporadically. Cranberry (Vaccinium oxycoccos) was also abundant in some 
places. The bottom layer was covered by white moss, Sphagnum fallax cf., in 
particular.  
 
4.2.3  Fauna 
Kontolanrahka 
 
The bird life on Kontolanrahka is rich for a South-Finnish raised bog. Species thriving 
on the bog are, for example, crane (Grus grus), red-throated diver (Gavia stellata), hen 
harrier (Circus cyaneus), eagle owl (Bubo bubo), tawny owl (Strix aluco) and waders 
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such as wood sandpiper (Tringa glareola), European golden plover (Pluvialis 
apricaria), ruff (Philomachus pugnax), broad-billed sandpiper (Limicola falcinellus) 
and redshank (Tringa totanus). Passerines typical of mires are also found, such as 
meadow pipit (Anthus pratensis), yellow wagtail (Motacilla flava), whinchat (Saxocola 
rubetra) and skylark (Alauda arvensis). The mire is a significant autumn resting place 
for cranes and geese. (www.ymparisto.fi). 
 
The invertebrate life is rich and typical of a wide South-Finnish raised bog. However, 
there is a substantial amount of northern influence, which is seen especially in the 
species composition of spiders (www.ymparisto.fi) 
 
Pesänsuo 
 
There is no specific information relating to fauna living or feeding on Pesänsuo. The 
small size and surrounding agricultural areas probably restrict the number of larger 
mammals. 
 
Lastensuo 
 
The birdlife of Lastensuo mire resembles that of a wilderness area. Nesting bird species 
are, for example, red-throated diver (Gavia stellata), eagle owl (Bubo bubo), Ural owl 
(Strix uralensis), honey buzzard (Pernis apivorus) and goshawk (Accipiter gentilis). 
Lastensuo is included in the mire protection programme, but has not yet been protected. 
(www.ymparisto.fi). 
 
Olkiluodonjärvi 
 
Few data are available at the moment relating to the specific fauna of Olkiluodonjärvi 
mire. The moose population in Olkiluoto Island is dense, and moose move on and 
around the mire as well. 
 
4.3  Scots pine-dominated stands on upland sites  
4.3.1  Site properties 
The thickness of the humus layer in Scots pine-dominated forests varied between 3.3 
and 5.3 cm. The pH, concentration of exchangeable Ca, cation exchange capacity and 
base saturation in the humus layer reflect the site types, i.e., there is a decrease from 
fertile sites to infertile ones (Table 4-7). The C/N ratio is lowest on grove-like sites and 
decreases on less fertile sites. A lower C/N ratio indicates a higher mineralisation rate of 
the organic matter. There was not as clear a difference in analysed soil variables in 
deeper soil layers as was the case in the humus layer. Particle-size distribution of the 
mineral soil by site types is presented in Figure 4-15, and amounts of organic matter and 
carbon in Table 4-8. Forest soil properties have been reported in more detail by 
Tamminen et al. (2007; see monitoring locations in App. A, Fig. A-5, FEH plots) 
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Figure 4-15. Particle-size distribution in mineral soil by site type in Scots pine-
dominated forests. The number of plots is 10 (OMT), 10 (MT) and 2 (VT).  Data is based 
on Tamminen et al. (2007). 
 
 
Table 4-7. Organic matter content (OM, %), pH (H2O), exchangeable Ca concentration 
(mmol(+)/kg), cation exchange capacity (CEC, mmol(+)/kg), base saturation (BS, %), 
carbon (C, %) and nitrogen (N, %) concentrations, C/N ratio and the amount of carbon 
(kg/m2) in the humus layer of Scots pine-dominated forests by site type. (n= number of 
plots, standard deviation in parentheses). Data is based on Tamminen et al. (2007). 
 
 Site type  
Variable OMT MT VT CT Bedrock 
OM 59 (8.6) 71 (11.1) 76 (13.6) 86 (-) 84 (6.8) 
pH 4.3 (0.2) 4.1 (0.2) 4.1 (0.2) 3.7 (-) 3.8 (0.1) 
Ca 258 (160) 194 (36) 161 (16) 101 (-) 82 (33) 
CEC 388 (157) 360 (45) 327 (6) 328 (-) 327 (28) 
BS 79 (12) 71 (7) 71 (8) 48 (-) 42 (10) 
C, % 31 (4.6) 38 (5.8) 41 (6.2) 45 (-) 44 (3.4) 
N 1.4 (0.2) 1.5 (0.2) 1.4 (0.1) 1.5 (-) 1.5 (0.2) 
C/N 22.4 (2.5) 24.7 (2.0) 30.0 (1.3) 30.7 (-) 29.4 (4.9) 
C, kg/m
2
 4.0 (1.7) 3.4 (1.1) 1.9 (0.4) 2.3 (-) 2.0 (0.3) 
n 10  10  2  1  7  
OMT, Oxalis acetosella - Vaccinium myrtillus sites; MT, Vaccinium myrtillus sites; VT, Vaccinium vitis-idaea sites; CT, Calluna 
vulgaris sites; Bedrock, sites with no or a very shallow mineral soil layer 
 
Table 4-8. Amounts of organic matter (OM, kg/m2) and carbon (C, kg/m2) in the 
mineral soil of Scots pine-dominated forests by soil layer and site type (n.d.= not 
defined, n= number of plots, standard deviation in parentheses). Data is based on 
Tamminen et al. (2007). 
 
Variable Layer Site type  
 cm OMT  MT  VT  CT  Bedrock  
OM 0-10 1.1 (0.7) 2.3 (2.6) 1.3 (0.4) n.d.  n.d.  
 10-30 1.4 (0.7) 2.2 (2.3) 1.8 (0.3) n.d.  n.d.  
C 0-10 0.5 (0.1) 1.1 (1.2) 0.7 (0.2) n.d.  n.d.  
 10-30 0.6 (0.4) 1.1 (1.4) 0.9 (0.3) n.d.  n.d.  
n  10  10  2  1  7  
OMT, Oxalis acetosella - Vaccinium myrtillus sites; MT, Vaccinium myrtillus sites; VT, 
Vaccinium vitis-idaea sites; CT, Calluna vulgaris sites; Bedrock, sites with no or a very shallow 
mineral soil layer. 
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4.3.2  Flora 
Tree stand characteristics 
 
The proportion of Scots pine-dominated forest is clearly lower than in Southwestern 
Finland mainly due to the higher fertility of the soils in Olkiluoto (Saramäki & 
Korhonen 2005). The proportion of pure Scots pine stands is also lower than in 
Southwestern Finland. Scots pine stands are young, their ages being mostly under 40 
years (Fig. 4-16, Table 4-9), because of intensive regeneration fellings during the 1960s 
and 1970s. In Olkiluoto, planted Scots pine stands typically grow on unduly fertile sites, 
where pine would naturally have been outcompeted by Norway spruce. The mean 
volume of growing stock in Scots pine-dominated stands was 93 m
3
/ha in 2004 and the 
mean volumes by age classes varied between 36 and 239 m
3
/ha (Table 4-9). In younger 
stands (less than 40–50 years old), the relationship between stand characteristics and 
stand age differs from that of older stands (Fig. 4-16), and resembles a situation typical 
in commercially managed forests. As the natural climax species on these, mainly tilly 
soils is Norway spruce, the older Scots pine stands consist of rock forests. In Olkiluoto, 
the number of Scots pines per hectare (261 stems/ha, on average) was about one-third of 
the number in Southwestern Finland, and it clearly differed from the situation in 
Norway spruce-dominated stands (Saramäki & Korhonen 2005). Scots pine-dominated 
forests were in good condition: 82% of stands were classified as undamaged. The main 
causes of damage in Olkiluoto were moose and wind (Saramäki & Korhonen 2005). 
 
Figure 4-16. Mean diameter at breast height (DBH), basal area, mean height and 
volume of Scots pine-dominated stands (n=143) in relation to stand mean age in 
Olkiluoto in 2003 (Rautio et al. 2004). 
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Table 4-9. Some basic characteristics of Scots pine-dominated stands by age classes in 
Olkiluoto Island in 2004 (Saramäki & Korhonen 2005). Note that the figures include 
other tree species growing in pine-dominated stands, as well. 
 
 Age class  
Characteristics 1–20 21–40 41–60 61–80 81–100 101– Total 
Area of pine stands, ha 64 79 8 4 2 1 158 
Mean diameter, cm 11.8 17.7 20.1 21.2 20.4 18-20 17.0 
Basal area, m
2
/ha 7.4 19.1 23.2 28.8 34.7 14.4 15.1 
Mean volume, m
3
/ha 35.8 120.9 160.0 212.3 238.9 92.6 92.8 
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Figure 4-17. N and Ca concentrations (+standard deviation) in current-year needles of 
Scots pine (2005) by site type. Site types: OMT, Oxalis acetosella-Vaccinium myrtillus 
sites; MT, Vaccinium myrtillus sites; VT, Vaccinium vitis-idaea sites; CT, Calluna 
vulgaris sites; Bedrock, sites with no or a very shallow mineral soil layer). Data is 
based on Tamminen et al. (2007). 
 
 
The degree of defoliation of Scots pine has been determined on the intensively studied 
Scots pine plot (FIP4) during 2006–2008. The average defoliation level has been 
between 3.7% (±0.7, standard deviation) and 4.4% (±0.8) indicating good crown 
conditions. The defoliation results have corresponded well with the reference plots in 
Tammela (Lindgren et al. 2007; see App. A, Fig. A-6 for locations). As well, 26 Scots 
pine stands were surveyed in 1992 for the degree of defoliation in the surroundings of 
Olkiluoto (Salemaa et al. 1993; App. A, Fig. A-6). According to the study, 70–120 year 
old Scots pines growing on Vaccinium site types (VT) were slightly more defoliated 
than in Southern and Central Finland. The age of the trees correlated positively with the 
degree of defoliation (Salemaa et al. 1993). 
 
The nutrient concentrations in the current-year pine needles were analysed in a sub-set 
of FET plots in 2005 (Tamminen et al. 2007; App. A, Fig. A-5, FEH plots). The 
concentrations on different site types varied between 1.42 and 1.7% (N), 1.5 and 1.7 
mg/g (P), 5.3 and 5.8 mg/g
 
(K), and 880 and 1,018 mg/kg (S), indicating an adequate 
supply of these nutrients (Reinikainen et al. 1998). The Mg concentrations (1.12–1.30 
mg/g) were higher than those reported by Reinikainen et al. (1998). The Ca 
concentrations were below the optimal value, but did not indicate severe Ca deficiency. 
Needle N and Ca concentrations in relation to site type are presented as an example in 
Figure 4-17, where N and Ca concentrations in pine needles decrease from fertile site 
types to infertile ones.The concentrations of micronutrients (B, Cu, Zn, Mn) and Fe in 
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current-year needles were above the deficiency limits (Reinikainen et al. 1998). The 
results (as well as those of Al, Cd, Cr, Mo, Ni, Na and Pb) have been reported in more 
detail by Tamminen et al. (2007). 
 
In addition, chemical analyses on needles can also be used for monitoring the effects and 
spread of air pollutants and for estimating the processes involved in the transport of 
nutrients from the soil to the needles/leaves. At Olkiluoto, such a study, with three 
different washing procedures has been carried out on wet deposition forest stands (so-
called MRK plots, see App. A, Fig. A-5 for locations). According to the results (reviewed 
by Haapanen 2009), there were no substantial differences in the concentrations of most of 
the analysed elements between the different washing procedures, which clearly indicates 
that the elements had not accumulated on the needle surface in particulate material in 
Scots pine-dominated MRK plots during 2003–2007; this is the case with Mo and Ni (on 
the radionuclide list), as well. Aluminium and iron, which are present in relatively high 
concentrations in many soil minerals, had higher concentrations in the unwashed needles 
than in the needles washed with deionised water or chloroform. The aluminium 
concentrations increased somewhat from the beginning of the monitoring period (2003) 
up until 2005, but, by 2006, they had returned to the 2003 level and even below. This 
correlates closely with the dust-producing activities in the area. 
 
Sulphur and nitrogen are elements commonly investigated in bioindicator surveys. There 
were no significant differences in needle N and S concentrations between the washing 
procedures or the sampling plots. A slight increase was observed in the N concentrations 
in the pine needles between 2003 and 2006, but, in 2007, this trend was reversed (Fig. 4-
18). The increase was most probably due to the increase in traffic in the area during 
construction work. Both N and S were at the same level in the unwashed and washed 
needles. This suggests that N and S in deposition are taken up by the needles, which is a 
normal pattern in areas where the deposition does not exceed the levels that the 
vegetation is able to use. Overall, the composition and amount of dust deposition on the 
Scots pine plots will most probably not cause any long-term effects in the forest 
ecosystems. 
 
Element concentrations (N, P, K, Ca, Mg, S, B, Fe, Cu, Zn, Mn, Al, Na, Cr, Cd, Ni) in 
needles were also analysed in 1991 in 26 Scots pine stands located in the surroundings of 
Olkiluoto (Raitio 1993; see App. A, Fig. A-6 for locations). According to those results, P 
concentrations in Scots pine needles were low, but the concentrations of other elements 
indicated adequate or moderate nutrition of the trees (Raitio 1993). 
 
Annual total litterfall production (without branches) has increased from 178 gdw/m
2
/y in 
2004 (collection started in June) to 635 gdw/m
2
/y in 2007 in the Scots pine stand FIP4 
(Fig. 4-19). As a reference, Ukonmaanaho et al. (2008) reported litterfall production of 
226 gdw/m
2
/y for Scots pine in six Finnish ICP Forests plots mainly in Southern Finland 
during 1996–2003 (See App. A, Fig. A-6 for locations). Elemental concentrations (Al, 
B, Ca, Cr, Cu, Fe, K, Mg, Mn, Ni, P, S, Zn, N and C) in different litter fractions have 
been studied and are reviewed in Haapanen (2009).  
 
110 
 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2003 2004 2005 2006 2007
Year
N
, %
MRK1
MRK3
FIP4
 
Figure 4-18. N concentrations in unwashed current-year needles of Scots pine during 
2003–2007 (+standard deviation) (Haapanen 2009).  
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Figure 4-19. Annual litterfall production in a Scots pine stand (FIP4) during 2004–
2007. * Litterfall collection was started in early summer and does not represent the 
whole year (Haapanen 2009). 
 
The monitoring of newborn, elongating fine roots with minirhizotrones
3
 has been going 
on since June 2008 in the Scots pine stand FIP4. Roots were actively growing, 
especially after cessation of above-ground growth from mid-August to mid-October. 
Since almost no fine roots died during the first year of their growth, the follow-up 
should be continued with the method for the next two years. Therefore, fine-root 
elongation and longevity will be reported later. 
 
Fine-root biomass was studied in 2008 (August; seasonal maximum) in the Scots pine 
stand FIP4. The biomass of Scots pine fine roots (272 g/m
2
) was in the range of the 
mean fine-root biomass of eight Scots pine stands around Finland (243±88 g/m
2
, 
Helmisaari et al. 2007; see App. A, Fig. A-6 for locations). The mass of dead fine roots 
(i.e., necromass) was less than 5% of all fine roots (living and dead). The fine-root 
                                                          
3 The minirhizotron technique is a non-destructive method that can be used to monitor the same root(s) over selected time intervals, 
which can vary from days to years. Transparent cylindrical tubes are installed horizontally and vertically in the soil and root 
intersections along the tubes are viewed and recorded at appropriate times with a miniature video camera. See Majdi et al. (2005) for 
more details. 
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biomass of an average pine tree was 2.85 kg. Scots pine fine roots were mostly in the 
upper 15 cm soil layer, only a very small fraction of fine roots being in the deepest 15–
20 cm soil layer (Fig. 4-20). Mean ectomycorrhizal (EcM) short root tip frequency 
(number per mg of fine roots of diameter <1 mm) was 3.5±1.2 for Scots pine. It was 
significantly lower than reported by Helmisaari et al. (2009a) for eight Scots pine stands 
in Finland with range of 7–12 (App. A, Fig. A-6). The EcM root tip number/m2 in the 
upper 20 cm of forest soil was 384,494±76,583 for pine. The diameter of new fine roots 
was recorded from minirhizotrone images, being 0.35 mm (±0.03) for Scots pine 
(Helmisaari et al. 2009b). 
 
 
Figure 4-20. The depth distribution of Scots pine fine roots  less than 1 mm and 
between 1 and 2 mm in diameter in FIP4, mean and standard deviation of six soil cores; 
s.d. is for the whole bar (Helmisaari et al. 2009b). Roots in the upper 0–5 cm layer are 
mostly in the organic layer (organic layer thickness 4.4±0.9 cm). 
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Ground vegetation 
 
The understorey vegetation was inventoried in 2005 by Huhta & Korpela (2006; App. 
A, Fig. A-5, FEH plots). Pine-dominated forests on rock surfaces represent Cladina-, 
Calluna-Cladina, and Empetrum-Vaccinium vitis-idaea/Vaccinium Myrtillus types, thus 
differing clearly from other conifer tree stands. The total number of species found in 
pine forests was 138 (Table 4-3). The coverage of herbs (0.04–31%) and grasses (0.06–
14%) increased from poor sites to fertile ones. The poor sites had also a significantly 
lower coverage of field layer vegetation than the fertile sites (Fig. 4-21). The only 
characteristic species in the field layer, in addition to the above species, was wavy hair-
grass (Deschampsia flexuosa). Typical lichen species in the bottom layer were reindeer 
lichens Cladina arbuscula, C. rangiferina and Cladina stellaris, and several species of 
the genus Cladonia. The coverage of lichens varied between 0 and 32%, and that of 
mosses between 32 and 76%. The total ground layer coverage varied between 32 and 
81%. In spite of the monotonous appearance of the planted pine stands, the composition 
of the understorey species was relatively diverse as a result of the different forest 
succession stages, ranging from young stands (mostly young thinning stands) to older 
stands. In some cases, the pine stands have been established by planting in very fertile 
vegetation types, where species not typical of pine forests can be found.  
 
 
 
 
Figure 4-21. Mean cover % (± standard error) of vascular species groups in the field 
layer of Scots pine-dominated forests by site type (Huhta & Korpela 2006). Site types: 
OMT,  Oxalis acetosella-Vaccinium myrtillus sites; MT, Vaccinium myrtillus sites; VT, 
Vaccinium vitis-idaea sites; CT, Calluna vulgaris sites; Bedrock, sites with no or a very 
shallow mineral soil layer.  
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Vegetation coverage has been monitored annually over the period 2003–2005, and again 
in 2008 on the Scots pine plot FIP4. The average height of the field layer (mainly dwarf 
shrubs) has been 20 cm and that of the shrub layer 110 cm. The number of vascular 
plant species remained very stable (31–35 species) during the period, whereas the 
number of moss species decreased slightly (from 23 to 18). Variation in the number of 
observed species is partly due to the sporadic and scarce occurrence of many species, 
which makes it difficult to detect them every year. The cover percentages of the 
vegetation layers are presented in Fig. 4-22. The cover of woody species (dwarf shrubs 
and tree seedlings) has increased by about 10 percentage units in 2008 compared with 
years 2003–2005. This can be explained by the cool and relatively rainy summer of 
2008, which seemed to enhance the growth of woody species. An early inventory time 
explained the lowered cover percentage of many vascular plants in 2004. Browsing of 
moose and carrying out of other studies in the study area has also had an impact. Forest 
road construction in the vicinity of FIP4 has affected the illumination and moisture 
conditions. (Haapanen 2009). 
 
Figure 4-22. Mean cover % (± standard error) of a) dwarf shrubs and tree seedlings, b) 
herbs and grasses, c) bryophytes and d) needle litter in the pine stand FIP4 in 2003–
2005 and 2008. Different letters indicate that the means differ significantly from each 
other (p < 0.05). (Haapanen 2009). 
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Bilberry (Vaccinium myrtillus) dominated the above-ground vegetation biomass in 
Scots pine stand FIP4 (Fig. 4-23). Grasses and ferns were also relatively abundant. The 
total above-ground biomass was almost 100 g/m
2
. The below-ground biomass of the 
vascular plant species (mosses excluded) was over 70% of the total vascular plant 
biomass. On average, dwarf shrubs allocated 20–80%, grasses over 60% and ferns even 
over 89% of their total biomass to below-ground parts. The annual production of the 
above-ground biomass was higher in the Scots pine and birch stands than in the Norway 
spruce stand (Fig. 4-24). Dwarf shrubs, grasses and ferns had a significant growth in the 
Scots pine stand. (Haapanen 2009). 
 
According to Helmisaari et al. (2009b), the biomass of understorey fine roots was 
approximately 50 g/m
2
 in the Scots pine stand FIP4, and consisted mostly of dwarf 
shrub roots. Most of the understorey fine roots and rhizomes were in the organic layer 
(Fig. 4-25).  
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Figure 4-23. The mean (± standard error) for total above-ground living biomass and 
below-ground total (living and dead) biomass g/m2 of the functional plant species 
groups of the understorey vegetation. Only the upper part of mosses is included in the 
above-ground biomass. Site fertility and stand volume decrease from left to right 
(Haapanen 2009). 
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Figure 4-24. The mean (± standard error) for total annual biomass production (year 
2008) of the different functional plant groups in Norway spruce (FIP10), Scots pine 
(FIP4) and birch stands (FIP11) (Haapanen 2009). 
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Figure 4-25. The depth distribution of understorey fine roots (mean of six soil cores) in 
FIP4 (Helmisaari et al. 2009b). Roots in the upper 0–5 cm layer are mostly in the 
organic layer (organic layer thickness 4.4±0.9 cm). Bracken (Pteridium aquilinum) is 
included in shrubs. 
 
 
The nutrient status of, and main elements in understorey vegetation were analysed in 
2005 (Tamminen et al. 2007, App. A, Fig. A-5, FEH plots). The mean C concentration 
in vegetation groups by site type varied between 47% and 55%. The macronutrient 
concentrations were generally higher in vascular plants than in bryophytes and lichens; 
for example, the range for N in vascular plants was 1.2–2.1%, and for bryophytes and 
lichens 0.4–1.2%. Lichens always had lower concentrations than bryophytes. 
Macronutrient concentrations in vascular species were relatively similar to the 
concentrations measured in Southern Finland (Mäkipää 1994, Salemaa et al. 2004; App. 
A, Fig. A-6). In general, vascular plants had lower heavy metal concentrations than 
bryophytes (Fig. 4-26). Bryophytes accumulated especially Cu, Ni and Fe. The Fe 
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concentrations of bryophytes and lichens in Olkiluoto were as high as those growing at 
a distance of 4−8 km from the Harjavalta Cu-Ni smelter at the beginning of the 1990s 
(Salemaa et al. 2004; App. A, Fig. A-6). It is obvious that the particulate and dust 
accumulation on vegetation, especially on forest-floor bryophytes, has increased due to 
emissions caused by road construction and industrial activities in Olkiluoto Island. The 
Al, Cd and Cr concentrations were also high in bryophytes, and the Pb concentrations 
were higher than the limit of quantification for the analytical equipment only in 
bryophytes and lichens. Results have been presented in more detail by Tamminen et al. 
(2007). 
 
 
Figure 4-26. Site type specific means (+standard deviation) of Ni and Fe 
concentrations in different plant groups of Scots pine-dominated forests in Olkiluoto 
(Tamminen et al. 2007). Site types: OMT, Oxalis acetosella-Vaccinium myrtillus sites; 
MT, Vaccinium myrtillus sites; VT, Vaccinium vitis-idaea sites; CT, Calluna vulgaris 
sites; Bedrock, sites with no or a very shallow mineral soil layer.   
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4.3.3  Fauna 
Olkiluoto-specific information of fauna living in different habitats is sporadic. However, 
the general preferences for habitats can be related to the fauna species known to live in 
Olkiluoto and the following coarse information given for fauna in Scots pine forests: 
 More sunny and barren pine forests support fewer birds than spruce forests, 
deciduous species forests and mixed forests as there are less insects and shelter 
for nesting. However, old pine forests with a good supply of pine cones support 
e.g., woodpeckers, squirrels and crossbills (Loxia sp.; Helminen & Väisänen 
1980).  
 Pine seedlings are typical winter food for moose, and moose browsing causes 
damage in young Scots pine and birch stands by twig-browsing, stem breakage, and 
bark stripping (Härkönen 2008). Although pine can be considered a medium-
preferred browse species in the winter diet (Bergström & Hjeljord 1987), the major 
proportion of consumed browse consists of pine from late autumn to early spring 
owing to its high availability (Cederlund et al. 1980). Birches and other deciduous 
trees are damaged by moose throughout the year.  
 
4.4  Norway spruce-dominated stands on upland sites 
4.4.1  Site properties 
The thickness of the humus layer in spruce-dominated forests varied between 2.8 and 
7.0 cm. On fertile sites, the thickness of humus varied between 5.7 and 7.0 cm, being 
more than at Scots pine sites. The pH, concentration of exchangeable Ca, cation 
exchange capacity and base saturation in the humus layer reflected the site types, i.e., 
they were highest in fertile sites (site types OMT and MT, Table 4-10). Exceptionally, 
there was no difference in C/N ratio between site types (Table 4-10). In all cases, the 
relatively low C/N ratio indicated a high mineralisation rate of the organic matter. 
Norway spruces had good growth conditions in respect of site properties, except for one 
stand that was growing on a rocky site (Table 4-10). Particle-size distribution of the 
mineral soil by site types is presented in Figure 4-27, and amounts of organic matter and 
carbon in Table 4-11. Forest soil properties have been reported in more detail by 
Tamminen et al. (2007; App. A, Fig. A-5, FEH plots). 
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Figure 4-27. Particle-size distribution in mineral soil by site type on Norway spruce-
dominated forests. The number of studied plots was 19 (OMT) and 20 (MT). Data is 
based on Tamminen et al. (2007). 
 
Table 4-10. Organic matter content (OM, %), pH (H2O), exchangeable Ca 
concentration (mmol(+)/kg), cation exchange capacity (CEC, mmol(+)/kg), base 
saturation (BS, %), carbon (C, %) and nitrogen (N, %) concentrations, C/N ratio and 
the amount of carbon (kg/m2) in the humus layer of Norway spruce-dominated forests 
by site type  (n= number of plots, standard deviation in parentheses). Data is based on 
Tamminen et al. (2007). 
 
 Site type  
Variable OMT  MT  Bedrock  
OM 75 (10.0) 77 (10.9) 69 (-) 
pH 4.3 (0.3) 4.2 (0.2) 3.8 (-) 
Ca 234 (126) 241 (71) 79 (-) 
CEC 431 (107) 412 (63) 261 (-) 
BS 73 (19) 78 (12) 45 (-) 
C, % 39.3 (5.3) 40.3 (5.6) 35.5 (-) 
N 1.8 (0.4) 1.6 (0.3) 1.6 (-) 
C/N 21.9 (2.5) 24.8 (3.1) 22.4 (-) 
C, kg/m
2
 4.5 (1.4) 3.7 (1.6) 1.8 (-) 
n 19  20  1  
OMT, Oxalis acetosella - Vaccinium myrtillus sites; MT, Vaccinium 
myrtillus sites; Bedrock, sites with no or a very shallow mineral soil 
layer. 
 
Table 4-11. Amounts of organic matter (OM, kg/m2) and carbon (C, kg/m2) in the 
mineral soil of Norway spruce-dominated forests by soil layer and site type (n.d. = not 
defined, n = number of plots, standard deviation in parentheses). Data is based on 
Tamminen et al. (2007). 
 
Variable Layer, cm Site type  
OMT  MT  Bedrock  
OM 0–10 3.3 (3.7) 1.9 (0.8) n.d.  
 10–30 2.4 (2.0) 2.1 (0.9) n.d.  
C 0–10 1.6 (1.6) 1.0 (0.4) n.d.  
 10–30 0.9 (0.8) 0.8 (0.4) n.d.  
n  19  20  1  
OMT, Oxalis acetosella - Vaccinium myrtillus sites; MT, Vaccinium 
myrtillus sites; Bedrock, sites with no or a very shallow mineral soil layer 
(less than 30 cm). 
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4.4.2  Flora 
Tree stand characteristics 
 
The mean volume of of growing stock in Norway spruce-dominated stands was 137 
m
3
/ha in 2004 and the mean volumes by age classes varied between 46 and 304 m
3
/ha 
(Table 4-12). Spruce dominates on more fertile sites. In Olkiluoto, the number of 
spruces per hectare (993 stems/ha, on average) was similar to the number in 
Southwestern Finland, and it clearly differed from the situation in Scots pine-dominated 
stands in Olkiluoto (Section 4.3.2; Saramäki & Korhonen 2005). The relationship 
between stand age and some stand characteristics is presented in Fig. 4-28. 77% of 
spruce-dominated stands had no observable damages of any kind. 
 
 
Figure 4-28. Mean diameter at breast height (DBH), basal area, mean height and 
volume of Norway spruce-dominated stands (n=103) in relation to stand mean age in 
Olkiluoto in 2003 (Rautio et al. 2004). 
 
 
Table 4-12. Some basic features of spruce-dominated stands by age classes in Olkiluoto 
Island in 2004 (Saramäki & Korhonen 2005). 
 
 Age class  
Characteristics 1–20 21–40 41–60 61–80 81–100 101–  Total 
Area of spruce stands, ha 42 49 65 43 31 8 238 
Mean diameter, cm 16.3 16.5 18.9 23.3 24.8 24–36.9 20.5 
Basal area, m
2
/ha 7.5 17.0 22.1 21.0 25.7 29–37 19.0 
Mean volume, m
3
/ha 46.1 106.5 154.6 161.6 211.2 197–304 137.0 
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The degree of defoliation has been determined on the intensively studied Norway spruce 
plot FIP10 in 2006–2008. The average defoliation level of the spruces has varied 
between 17.8 (±2.7, std) and 19.3% (±1.3), indicating good crown conditions. The 
defoliation levels have been in good agreement with the results for reference plots in 
Tammela (Lindgren et al. 2007). The high stand age obviously has a considerable effect 
on the degree of defoliation. The degree of defoliation has also been determined in 34 
Norway spruce stands in the surroundings of Olkiluoto in 1992 (Salemaa et al. 1993; 
see App. A, Fig. A-6 for locations). The 70–100-year-old Norway spruces on Myrtillus 
site types (MT) were slightly more defoliated than in Southern and Central Finland. The 
size of the trees correlated positively with the degree of defoliation (Salemaa et al. 
1993). 
 
The nutrient status of Norway spruce was analysed in 2005 (Tamminen et al. 2007). On 
the studied FEH plots (App. A, Fig. A-5), Norway spruce was equally distributed 
between grove-like (OMT) and fresh (MT) sites. Only one site was classified as an 
infertile bedrock site. The N and P concentrations in the current-year needles of the 
spruce stands varied between 1.24–1.34% and 1.51–1.58 mg/gdw, respectively, 
indicating an adequate supply of N and P to the spruce trees (Reinikainen et al. 1998). 
The K, Ca and Mg concentrations were higher (4.3–7.0, 4.3–4.6 and 1.1–1.25 mg/gdw, 
respectively) than those reported by Reinikainen et al. (1998) as optimal values for 
Norway spruce. The S concentrations, 814–836 mg/kgdw, were below the optimal level. 
The B, Zn and Mn concentrations indicated optimal nutrient status (Reinikainen et al. 
1998). The Fe concentration in Norway spruce needles was above the deficiency limit, 
but the Cu concentration, 1.96–2.9 mg/kgdw, was below the optimal level (Reinikainen 
et al. 1998). The results (as well as those of Al, Cd, Cr, Mo, Ni, Na and Pb) have been 
reported in more detail by Tamminen et al. (2007). 
 
The dust emissions (see Section 4.3.2) have also been monitored in Norway spruce-
dominated MRK plots (App. A, Fig. A-5) with chemical analyses conducted on needles 
during 2003–2007. Based on the results (reviewed by Haapanen 2009), there were no 
substantial differences in the concentrations of most of the analysed elements between the 
different washing procedures, which clearly indicates that the elements had not 
accumulated on the needle surface in particulate material. The aluminium concentrations 
were highest on the Norway spruce plots (MRK5, MRK6) located closest to the landfill 
site and also downwind of the site (Fig. 4-29). The aluminium concentrations have 
increased on these plots from 2003 to 2006. A mainly declining trend was seen between 
2006 and 2007 in current-year needles. Crushing of rock material at the landfill site rather 
well explains this trend. However, the aluminium concentrations on the MRK8 plot 
decreased between 2004 and 2006. This may be due to the fact that the blasting and 
excavation of the new OL3 reactor base was finished before the needles were sampled in 
January 2006. A considerable proportion of the aluminium in the needles was present on 
the needle surfaces in the form of particulate matter. The aluminium concentrations were 
lowest on the farthest Norway spruce plot, FIP10, and remained relatively stable during 
the study period (Fig. 4-29). A similar phenomenon was detected for iron. 
 
N concentrations were not affected by the washing treatments. This is due to the fact 
that, under normal conditions, nitrogen is the main factor limiting tree growth in boreal 
coniferous forests: the trees require more nitrogen than is available in the soil, and they 
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therefore also effectively use nitrogen deposition on the needle surface through foliar 
uptake. A slight increase in the N concentrations between 2003 and 2006 was observed 
(Fig. 4-29). The S concentrations on almost all of the plots at Olkiluoto were under 
1,000 mg/kgdw, which is the upper limit for normal S nutrition of coniferous trees. 
 
Element concentrations  (N, P, K, Ca, Mg, S, B, Fe, Cu, Zn, Mn, Al, Na, Cr, Cd, Ni) in 
needles have also been analysed in 34 Norway spruce stands located in the surroundings 
of Olkiluoto in 1991 (Raitio 1993; see locations in App. A, Fig. A-6). According to the 
needle analyses, Norway spruces suffered from N and P deficiency in the study area 
(Raitio 1993). 
 
Annual total litterfall production (without branches) has increased from 2005 (171 
gdw/m
2
) to 2007 (355 gdw/m
2
) in a Norway spruce stand (FIP10, Fig. 4-30). As the 
monitoring was initiated in May 2005, the results do not represent the whole year. As a 
reference, Ukonmaanaho et al. (2008) reported litterfall production of 350 gdw/m
2
 for 
Norway spruce in seven Finnish ICP Forests plots, mainly in Southern Finland, during 
1996–2003 (see locations in App. A, Fig. A-6). Elemental concentrations (Al, B, Ca, Cr, 
Cu, Fe, K, Mg, Mn, Ni, P, S, Zn, N and C) in different litter fractions have been studied 
and are reviewed by Haapanen (2009).  
 
 
Figure 4-29. N and Al concentrations in unwashed current-year needles of Norway 
spruce during 2003–2007 (± standard deviation) (Haapanen 2009).  
 
 
Figure 4-30. Annual litterfall production in a Norway spruce stand (FIP10) during 
2005–2007. *Litterfall collection was started in spring and does not represent the whole 
year. (Haapanen 2009). 
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Figure 4-31. The depth distribution of Norway spruce fine roots  less than 1 mm and 
between 1 and 2 mm in diameter in FIP10, mean and std of six soil cores; standard 
deviation is for the whole bar (Helmisaari et al. 2009b). Roots in the upper 0–5 and 5–
10 cm layers are mostly in the organic layer (organic layer thickness 9.6±0.5 cm). 
 
 
The biomass of Norway spruce fine roots (409 gdw/m
2
) in FIP10 was clearly higher than 
the mean of eight Norway spruce stands around Finland (261±57 gdw/m
2
, Helmisaari et 
al. 2007; see locations in App. A, Fig. A-6). The Norway spruce stand FIP10 is dense, 
which contributed to the high biomass. The mass of dead fine roots was less than 5% of 
all fine roots. The fine-root biomass of an average spruce tree was 5.75 kgdw. Norway 
spruce fine roots were mostly in the upper 15 cm soil layer, only a very small fraction of 
fine roots being in the deepest 15–20 cm soil layer (Fig. 4-31). Mean ectomycorrhizal 
(EcM) short root tip frequency (number per mg of fine roots of diameter <1 mm) was 
3.7±0.7 for spruce. The value for spruce was significantly lower than reported by 
Helmisaari et al. (2009b) for eight Norway spruce stands in Finland with a range of 8–
15 (see locations in App. A, Fig. A-6). The EcM root tip number/m
2 
in the upper 20 cm 
of forest soil was 1,027,960±564,909 for Norway spruce. The diameter of new fine 
roots was 0.28 mm (±0.04). Fine-root elongation and longevity will be reported later 
when more material has been filmed with the minirhizotrone method. 
 
Ground vegetation 
 
The majority of the conifer tree stands represent various succession stages of Myrtillus-, 
Vaccinium-Myrtillus-, and Deschampsia-Myrtillus-dominated Norway spruce forests 
(Huhta & Korpela 2006). In addition to spruce, Scots pine (Pinus sylvestris), downy 
birch (Betula pubescens) and rowan (Sorbus aucuparia) were also relatively common 
on these sites. In addition to the named species of these forest types, other common 
species in the field layer were, for example, fingered sedge (Carex digitata), tufted hair-
grass (Deschampsia cespitosa), wavy hair-grass (D. flexuosa), hairy wood-rush (Luzula 
pilosa), mountain melick (Melica nutans), wood millet (Milium effusum), and stone 
bramble (Rubus saxatilis). The most common species in the bottom layer was red-
stemmed feather-moss (Pleurozium schreberi). Spruce forests contained more species 
than other habitats. The total number of species found in spruce dominated forests was 
174 (Table 4-3). The coverage of herbs (2–17%) and grasses (2–6%) was less than in 
Scots pine-dominated forests and it increased from poor sites to fertile ones. Total 
coverage of ground-layer vegetation varied between 38 and 72% (Fig. 4-32). 
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Figure 4-32. Mean cover % (± standard error) of functional species groups in the field 
and ground layers of Norway spruce-dominated forests (Huhta & Korpela 2006). Site 
types: OMT, Oxalis acetosella-Vaccinium myrtillus sites; MT, Vaccinium myrtillus 
sites; Bedrock, sites with no or a very shallow mineral soil layer. 
 
The vegetation coverage of a spruce forest has also been monitored species by species 
on plot FIP10 annually in 2003–2005, and in 2008. Results show that the species 
occurrence in the understorey vegetation has remained relatively stable during this time. 
The variation in the number of observed species is partly due to the sporadic and scarce 
occurrence of many species, which makes it difficult to detect them every year. The 
cover percentages of the vegetation layers are presented in Fig. 4-33. The total cover % 
of the vascular plant species has decreased from a level of 42–45% in 2003–2005 to 
24% in 2008. The cover of woody species has slightly increased, whereas the cover of 
herbs and grasses has significantly decreased. It is possible that the biomass production 
of herbs and grasses was decreased because of the cool summer. Also wind thrown trees 
might have caused disturbance in the micro-habitats of the species. However, the cover 
% of mosses and needle litter on the forest floor has remained relatively unchanged 
during the monitoring period. The decomposing leaf litter of deciduous trees and coarse 
wood debris offered suitable growing substrates for the bryophyte and lichen species. 
The mean height of the herbs was 15 cm and that of the ferns (Pteridophyta) 30 cm. The 
shrub layer was 100 cm high. (Haapanen 2009). 
 
Mosses dominated the above-ground vegetation biomass in the Norway spruce stand 
FIP10 (Fig. 4-23). Ferns were also relatively abundant. The total aboveground biomass 
was approximately 150 gdw/m
2
. The below-ground biomass of the vascular plant species 
(mosses excluded) was 70% of the total vascular plant biomass. In average dwarf shrubs 
allocated 20–80%, grasses over 60% and ferns even over 89% of their total biomass to 
the belowground parts. Mosses explained 60% of the annual biomass growth (Fig. 4-
24).  
 
The biomass of understorey fine roots was approximately 45 gdw/m
2
 in the spruce stand 
FIP10, and consisted of grass and herb fine roots and rhizomes. Dwarf shrubs were 
124 
 
lacking from the Norway spruce stand FIP10. Most of the understorey fine roots and 
rhizomes were in the organic layer (Fig. 4-34). 
 
The mean C concentration in vegetation groups by site type varied between 46 and 53% 
in spruce-dominated forests in 2005 (Tamminen et al. 2007). The macronutrient 
concentrations were generally higher in vascular plants than in bryophytes and lichens, 
for example the range for N in vascular plant groups was 1.3–2.1% and for bryophytes 
and lichens 0.5–1.3%. However, for some elements the difference between vascular 
plants and bryophytes was not as clear as it was in Scots pine-dominated forests. 
Lichens always had lower concentrations than bryophytes as in Scots pine-dominated 
forests, and bryophytes accumulated especially Cu, Ni and Fe. As in pine forests, the 
particulate and dust accumulation on vegetation has been increased due to emissions 
caused by construction activities in Olkiluoto Island. The Pb concentrations were higher 
than the limit of quantification for the analytical equipment only in bryophytes and 
lichens. Results have been presented in more detail by Tamminen et al. (2007).  
 
 
Figure 4-33. Mean cover % (± standard error) of a) dwarf shrubs and tree seedlings, b) 
herbs and grasses, c) bryophytes and d) needle litter on the Norway spruce stand FIP10 
in 2003–2005 and 2008. Different letters indicate that the means differ significantly 
from each other (p < 0.05). (Haapanen 2009). 
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Figure 4-34. The depth distribution of understorey fine roots (mean of six soil cores) in 
FIP10 (Helmisaari et al. 2009b). Roots in the upper 0–5 and 5–10 cm layers are mostly 
in the organic layer (organic layer thickness 9.6±0.5 cm). 
 
4.4.3  Fauna 
Being more shadowy and eutrophic than Scots pine forests, Norway spruce forests 
generally support a larger variety of fauna species. Out of the common forest bird 
species in Olkiluoto, for example, robin (Erithacus rubecula), goldcrest (Regulus 
regulus) and song thrush (Turdus philomelos) prefer Norway spruce forests (Helminen 
& Väisänen 1980). According to Yrjölä (2009), the species that have most declined in 
Olkiluoto during the last deacde are species common to spruce and wildwood forests 
such as the bullfinch (Pyrrhula pyrrhula), green sandpiper (Tringa ochropus) and the 
willow tit (Parus montanus). 
 
 
4.5  Birch-dominated stands on upland sites 
4.5.1  Site properties 
The thickness of the humus layer in birch-dominated forests varied between 3.7 and 
13.0 cm. The pH, concentration of exchangeable Ca, cation exchange capacity and base 
saturation in humus layer reflected the site types, i.e., they were high in all fertile sites 
(Table 4-13).  The only grove site (site type = Lh) had exceptionally high values of pH, 
Ca, cation exchange capacity and base saturation in humus. In addition, the organic 
matter content and thus also the carbon content were low at this site. There was no 
essential difference in C/N ratio between site types. In all cases, the low C/N ratio 
indicated a high mineralisation rate of the organic matter, especially in the most fertile 
sites. Birch stands had good growth conditions in respect of site properties. Particle-size 
distribution of the mineral soil by site types is presented in Figure 4-35, and amounts of 
organic matter and carbon in Table 4-14. Forest soil properties have been reported in 
more detail by Tamminen et al. (2007; App A, Fig. A-5, FEH plots). 
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Figure 4-35. Particle-size distribution in mineral soil by site type on birch-dominated 
forests. The number of studied plots was 1 (groves, Lh), 2 (OMT) and 7(MT).  Data is 
based on Tamminen et al. (2007). 
 
Table 4-13. Organic matter content (OM, %), pH (H2O), exchangeable Ca 
concentration (mmol(+)/kg), cation exchange capacity (CEC, mmol(+)/kg), base 
saturation (BS, %), carbon (C, %) and nitrogen (N, %) concentrations, C/N ratio and 
the amount of carbon (kg/m2) in the humus layer of birch-dominated forests by site type. 
n = number of plots, standard deviation in parentheses. Data is based on Tamminen et 
al. (2007). 
 
 Site type 
Variable Lh  OMT  MT  
OM 41 (-) 75 (5.1) 72 (14.1) 
pH 5.2 (-) 4.4 (0.1) 4.4 (0.4) 
Ca 425 (-) 223 (72) 245 (113) 
CEC 522 (-) 419 (60) 421 (73) 
BS 98 (-) 71 (8) 75 (19) 
C, % 20.4 (-) 39.9 (2.3) 38.4 (6.7) 
N 1.2 (-) 2.1 (0.2) 1.7 (0.2) 
C/N 16.6 (-) 18.8 (2.8) 22.8 (2.4) 
C, kg/m
2
 2.1 (-) 3.0 (0.8) 4.2 (1.7) 
n 1  2  7  
Lh, Groves; OMT, Oxalis acetosella - Vaccinium myrtillus sites; 
MT, Vaccinium myrtillus sites. 
 
 
Table 4-14. Amounts of organic matter (OM, kg/m2) and carbon (C, kg/m2) in the 
mineral soil of birch-dominated forests by soil layer and site type (n.d. = not defined, n 
= number of plots, standard deviation in parentheses). Data is based on Tamminen et 
al. (2007). 
 
Variable Layer Site type      
 cm Lh  OMT  MT  
OM 0-10 10.5 (-) 0.9 (1.4) 1.5 (0.6) 
 10-30 2.8 (-) 0.9 (1.2) 2.2 (1.3) 
C 0-10 5.4 (-) 0.5 (0.7) 0.8 (0.4) 
 10-30 0.9 (-) 0.4 (0.6) 1.0 (0.7) 
n  1  2  7  
Lh, Groves; OMT, Oxalis acetosella - Vaccinium myrtillus sites; 
MT, Vaccinium myrtillus sites. 
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4.5.2  Flora 
Tree stand characteristics 
 
The mean volume of growing stock in birch-dominated stands was 70 m
3
/ha in 2004 
and the mean volumes by age classes varied between 36 and 244 m
3
/ha (Table 4-15). 
Birch dominates on more fertile sites. Silver birch (Betula pendula) had a 15% 
proportion of the total tree volume in Olkiluoto, whereas the proportion was 8% for 
downy birch (Betula pubescens). Downy birch was more frequent of these two birch 
species with 1225 stems/ha, but 74% of it was below 2 cm in breast height diameter 
(Saramäki & Korhonen 2005). The relationship between stand age and some stand 
characteristics is presented in Fig. 4-36.  
 
 
Figure 4-36. Mean diameter at breast height (DBH), basal area, mean height and 
volume of birch-dominated stands (n=126) in relation to stand mean age in Olkiluoto in 
2003 (Rautio et al. 2004). 
 
 
Table 4-15. Some basic features of birch-dominated stands by age classes in Olkiluoto 
Island in 2004 (Saramäki & Korhonen 2005). 
 
 Age class  
Characteristics 1–20 21–40 41–60 61–80 81–100 101–  Total 
Area of birch stands, ha 54 18 11 8 1 0 92 
Mean diameter, cm 10.6 13.4 19.2 21.7 26.2 – 15.2 
Basal area, m
2
/ha 7.2 14.7 17.1 22.8 30.7 – 11.5 
Mean volume, m
3
/ha 35.8 85.0 118.3 178.5 244.0 – 69.9 
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The nutrient status of birch (Betula pendula and B. pubescens) was analysed in a 
selected sub-set of FET plots in 2005 (Tamminen et al. 2007; App. A, Fig. A-5, FEH 
plots). One birch stand was growing on grove, two on grove-like and seven on fresh 
sites. The P (1.7–2.6 mg/g dw) and K (6.8–9.1 mg/g dw) concentrations in birch leaves 
were below the average values reported for downy birch by Ferm & Markkola (1986, 
see also Reinikainen et al. 1998). The N (23.3–27.8 mg/g dw), Ca (5.8–10.2 mg/g dw) 
and Mg (3.0–3.7 mg/g dw) concentrations were above the average values (Ferm & 
Markkola 1985). The B, Zn and Mn concentrations were markedly higher, and the Cu 
concentration below the average values presented by Ferm & Markkola (1985). The 
results (as well as those of Al, Cd, Cr, Mo, Ni, Na and Pb) have been reported in more 
detail by Tamminen et al. (2007). 
 
Total litterfall production without branches was 68 gdw/m
2
 in the birch-dominated young 
mixed stand (FIP11) in 2007. Results do not represent the whole year because litterfall 
collection was started in May 2007. Element concentrations (Al, B, Ca, Cr, Cu, Fe, K, 
Mg, Mn, Ni, P, S, Zn, N and C) have been studied and are reviewed in Haapanen 
(2009).  
 
The biomass of birch fine roots was 212 gdw/m
2
 in FIP11. The proportion of dead fine 
roots was 17% of all fine roots, being three times higher than in conifer stands. The 
fine-root biomass of an average young birch tree in a dense birch thicket was 0.05 kgdw. 
Birch fine roots were mostly in the upper organic layer, and the birch root depth 
distribution was more superficial than that of Scots pine and Norway spruce (Figs. 4-20, 
4-31 and 4-37). Site fertility and stoniness clearly affected the depth distribution of 
birch fine roots. Mean ectomycorrhizal (EcM) short-root-tip frequency (number per mg 
of fine roots of diameter < 1 mm) was 7.4±2.8 for birch. Birch tended to have a higher 
frequency of EcM tips than conifers. The EcM root tip number/m
2 
in the upper 20 cm of 
forest soil was 806,559±370,411 for birch. The diameter of new fine roots was 0.23 mm 
(±0.02) for birch. Fine-root elongation and longevity will be reported later, when more 
material has been filmed with the minirhizotrone method. 
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Figure 4-37.  The depth distribution of birch fine roots less than 1 mm and between 1 
and 2 mm in diameter in FIP11, mean and std of six soil cores; std is for the whole bar 
(Helmisaari et al. 2009b). All roots in the upper 0–5 cm layer and a part of the roots in 
the 5–10 cm layer are in the organic layer (organic layer thickness 7.5±0.3cm).  
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Ground vegetation 
 
Deciduous, birch-dominated forests were commonly characterised by tall grasses 
notably Calamagrostis epigejos, C. purpurea and wavy hair-grass (Deschampsia 
flexuosa) (Huhta & Korpela 2006). The species composition of herbs was more diverse 
than that of the pine stands. Deciduous forests had the highest average number of 
species per m
2
 (Huhta & Korpela 2006; Table 4-3). However, the total number of 
species (109) found in birch-dominated forests was less than that found in conifer 
forests. Due to the high litter accumulation, the cover values in the bottom layer of the 
deciduous stands were usually low, 7–32%. In the field layer, the coverage of herbs 
(19–66%) and grasses (10–32%) was higher than in conifer forests (Fig. 4-38). 
The vegetation coverage of a birch-dominated mixed forest was monitored species by 
species on the plot FIP11 in 2008. The most abundant vascular species in the field layer 
of the birch plot were a dwarf shrub lingonberry (Vaccinium vitis-idaea) and grasses 
Deschampsia flexuosa and Calamagrostis epigejos. Many herb, grass and sedge species 
indicate that the site is fertile. Altogether 34 vascular plant species, 23 moss, 2 liverwort 
and 7 cup lichen species, totalling 66 species, were found in 2008. The cover percentage 
of vascular plants in the field layer was 48, and that of mosses and lichens in the bottom 
layer 24. The height of the field layer was measured from the lingonberry and it was 
approximately 10–11 cm. 
 
 
 
 
Figure 4-38. Mean cover % (± standard error) of functional species groups in the field 
and ground layers of birch-dominated forests (Huhta & Korpela 2006). Site types: Lh, 
Groves; OMT, Oxalis acetosella-Vaccinium myrtillus sites; MT, Vaccinium myrtillus 
sites. 
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Lingonberry (Vaccinium vitis-idaea) dominated the above-ground vegetation biomass in 
the birch stand FIP11 (Fig. 4-23). Grasses were also relatively abundant. The total 
above-ground biomass was the highest in this stand, almost 200 gdw/m
2
. The below-
ground biomass of the vascular plant species (mosses excluded) was over 70% of the 
total vascular plant biomass. On average, dwarf shrubs allocated 20–80%, grasses over 
60% and ferns almost 90% of their total biomass to the belowground parts. Dwarf 
shrubs and grasses dominated the annual biomass growth (Fig. 4-24).  
 
The biomass of understorey fine roots was higher in the young birch stand FIP11 
(approximately 90 gdw/m
2
) than in conifer stands FIP4 and FIP10, and consisted mostly 
of grass and herb fine roots and rhizomes, especially in the upper organic layer (Fig. 4-
39). Also, more of the understorey roots were situated in deeper soil layers, maybe 
because birch roots were mostly in the upper 0–5 cm layer. 
 
According to the survey of the nutrient status of understorey vegetation on a selected 
sub-set of FET plots in 2005 (Tamminen et al. 2007), the mean C concentration in 
vegetation groups by site type varied between 46% and 54% in birch-dominated forests. 
The macronutrient concentrations were generally higher in vascular plants than in 
bryophytes and lichens, for example the range for N in vascular plant groups was 1.2–
4.0% and for bryophytes 0.8–1.0%. As in conifer forests, the particulate and dust 
accumulation on vegetation has been increased due to emissions caused by construction 
activities in Olkiluoto Island. The Pb concentrations were higher than the limit of 
quantification for the analytical equipment only in lichens. Results (including also P, K, 
Ca, Mg, S, B, Cu, Zn, Mn, Fe, Al, Cd, Cr, Ni, Mo, Na) have been presented in more 
detail by Tamminen et al. (2007). 
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Figure 4-39. The depth distribution of understorey fine roots (mean of six soil cores) in 
FIP11 (Helmisaari et al. 2009b). All roots in the upper 0–5 cm layer and a part of the 
roots in the 5–10 cm layer are in the organic layer (organic layer thickness 7.5±0.3 
cm). 
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4.5.3  Fauna 
 Densely stocked birch forests support plenty of birds in summer, but the 
situation changes in winter – even those birds that winter in Finland move to 
human induced habitats or coniferous or mixed forests, giving more shelter and 
nourishment (many insects that live in deciduous species winter in coniferous 
ones). The most numerous forest bird species in Olkiluoto (and in Finland), 
willow warbler (Phylloscopus trochilus) prefers forests with deciduous bushes, 
and so do, for example, redwing (Turdus iliacus) and garden warbler (Sylvia 
borin). (Helminen & Väisänen 1980).  
 Birch and other deciduous trees are damaged by moose throughout the year.  
 
 
4.6  Black alder dominated stands 
4.6.1  Site properties 
All the six studied black alder-dominated stands were growing on grove-like sites 
(OMT). Four of them were growing on mineral soil sites and two on peatland sites. 
Since both of the alder-dominated peatland sites had shallow peat layers (9.3 1.5 and 
9.7 2.0 cm, sd), they are included in this chapter instead of taking them as mires. 
 
 
 
Figure 4-40. Particle-size distribution of mineral soil by site type in black alder-
dominated forests. The number of plots is 5. Data is based on Tamminen et al. (2007). 
 
  
132 
 
Organic matter content, pH (H2O), concentration of exchangeable Ca, base saturation 
and C/N ratio varied between 60 and 88%, 4.1 and 5.1, 161 and 375 mmol(+)/kg, 76 
and 92%, and 15.5 and 16.8 in the humus layer, respectively (Tamminen et al. 2007; see 
locations in App. A, Fig. A-5, FEH plots). The low C/N ratio indicated a high 
mineralisation rate of organic matter. The concentrations of base cations (especially Na 
and Mg) on the alder stands were as much as 30 to 60 times higher than on the control 
pine plots in old soils of Southern, Western, Central and Eastern Finland (Tamminen et 
al. 2007; App. A, Fig. A-6). These alder soils are the youngest in the material. They 
emerged from the sea only a few centuries ago and still contain sea salts rich in sodium 
and magnesium, and probably still receive sea salts as droplets or spray during storms 
(Tamminen et al. 2007). Particle-size distribution of the mineral soil is presented in 
Figure 4-40. Forest soil properties have been reported in more detail by Tamminen et al. 
(2007). 
 
4.6.2  Flora 
Tree stand characteristics 
 
The relationship between stand age and some stand characteristics is presented in Figure 
4-41. 
 
The nutrient status of black alder (Alnus glutinosa) was analysed in selected a sub-set of 
FET plots in 2005 (Tamminen et al. 2007). Mean concentrations of N, P, K, Ca and Mg 
in alder leaves were 30.2, 1.4, 11.2, 7.1 and 2.9 mg/g dw, and those of micronutrients B, 
Cu, Zn, Mn and Fe, 49, 12.5, 42, 142 and 99 mg/kg dw, respectively. Results (including 
also S, Al, Cd, Cr, Ni, Mo, Na) have been presented in detail by Tamminen et al. 
(2007).  
 
 
Figure 4-41. Mean diameter at breast height (DBH), basal area, mean height and 
volume of black alder dominated stands (n=55) in relation to stand mean age in 
Olkiluoto in 2003 (Rautio et al. 2004). 
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Ground vegetation 
 
The field layer of deciduous forests dominated by black alder consists of tufted hair-
grass (Deschampsia cespitosa), narrow buckler-fern (Dryopteris carthusiana), 
meadowsweet (Filipendula ulmaria), May lily (Mainthemum bifolium), wood-sorrel 
(Oxalis acetosella), small cow-wheat (Melampyrum sylvaticum), common marsh 
bedstraw (Galium palustre), stone bramble (Rubus saxatilis), raspberry (R. idaeus) and 
chickweed wintergreen (Trientalis europaea) (Huhta & Korpela 2006). The total 
number of species (120) found in black alder-dominated forests was slightly more than 
found in other deciduous stands (Table 4-3). The average cover of herbs and grasses 
was 41% ( 9.4, standard error) and 12% ( 6.2), respectively. Dwarf shrubs were 
missing, and the coverage of bilberry (Vaccinium myrtillus) was below 0.005%. The 
total coverage of the field layer was 52% ( 9.6) and that of ground layer 4% ( 2.2). 
Compared with the list of 100 most common plant species of the 8th National Forest 
Inventory in Southern Finland (Reinikainen et al. 2001), the alder forests in Olkiluoto 
were clearly different: only 25 common vascular species were found, and 57 vascular 
plant species in Olkiluoto alder stands were not found on the list (Huhta & Korpela 
2006); nowadays alder forests are relatively rare in Finland. Furthermore, the 
representativeness of the National Forest Inventory is not particularly good for coastal 
habitats such as that in Olkiluoto. 
According to the survey of the nutrient status of understorey vegetation in 2005 
(Tamminen et al. 2007), the mean C concentration in vegetation groups by site type 
varied between 47% and 48% in black alder-dominated forests. The macronutrient 
concentrations were generally higher in vascular plants than in bryophytes, for example 
the range for N in vascular plant groups (herbs and grasses) was 2.4–2.9% and for 
bryophytes 1.4% (only one site type). The Pb concentration was higher than the limit of 
quantification for the analytical equipment only in bryophytes. Results (as well as those 
of Al, Cd, Cr, Mo, Ni, Na, Pb, S) have been presented in more detail by Tamminen et al. 
(2007). 
 
4.6.3  Fauna 
Black alder dominated stands in Olkiluoto are mostly narrow zones between shore 
meadows and other forest habitats. These transitional zones are usually rich in wildlife. 
Alder forests are generally bushy, with a rich field layer, and thus offer shelter and 
nourishment especially for birds. 
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5  LITTORAL SYSTEMS   
5.1  Common properties 
Littoral systems are found between the terrestrial and aquatic ones. These are subject to 
the action of so-called littoral forces, such as action of waves, ice, wind and depositional 
action of sea and rivers. The effects are usually limited to a relatively narrow littoral 
zone and can be seen in the occurrence of different landforms produced by erosion, 
resuspension, accumulation and their combination.  
 
The factors which govern the strength of the littoral forces include the location of the 
shore, its gradient in relation to the water body and the deposit type of the shore. The 
forces are much stronger on steep shore exposed to an extensive body of water with no 
islands than on a gently sloping shore protected by islands (Fig. 5-1). Similarly, 
deformation will proceed most easily on shores composed of relatively fine-grained 
sorted sandy and till soils, while only very slowly on stony shores or with bare bedrock. 
 
5.2  Sea shores/brackish water shores 
Olkiluoto offshore shows a great variation in environmental conditions, because it lies 
between an almost open sea and an extremely sheltered river mouth area of Lapinjoki. 
Deep hard and soft sand bottoms, as well as shallow bottoms with mostly soft clay, mud 
and silt are found. The amount of loose sediment material found on the bottom has 
somewhat increased in the area affected by the Olkiluoto nuclear power plant cooling 
water flow (Kinnunen & Oulasvirta 2004). 
 
Near the shoreline, the seafloor deposits present a very different character west of 
Olkiluoto Island than the rest of the shoreline (see Figure 7-4). In the former areas, till 
dominates with 35–45% coverage, followed by bedrock (30–40%) and various 
clay/mud deposits (15–25%). Active sedimentation is prevailing in other parts of 
shallow water at Olkiluoto. The recent post-glacial mud/clay cover is about 60–80% of 
the seafloor in the sheltered basins and inner archipelago. Till, bedrock as well as glacial 
or Ancylus clay and Litorina mud are covering typically only very shallow shoal or 
straits with currents. The sea area surroundings of Olkiluoto have an extensive area of 
gaseous, acoustically “bubbling” sediments (Rantataro & Kaskela 2009). 
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Figure 5-1. Shore types and erodability of riverbanks (lines), and physical exposure as 
relative wave power to the sea/lake bottom (background colouring) for aquatic 
ecosystems addressed in this report.  Erodability is based on soil map by the Geological 
Survey of Finland. Physical exposure has been derived from digital elevation model by 
the National Land Survey of Finland. Background map: topographic database by the 
National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy.  
 
 
5.2.1  Succession 
The conditions of the littoral habitats change on a land-uplift shore, such as the 
coastlines of Olkiluoto Island. On a land-uplift shore the littoral systems are the starting 
point of primary succession. Aquatic vegetation colonises the location when there is 
enough light for photosynthesis (sublittoral). The succession proceeds with different 
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vegetation compositions, depending, for example, on the parent material, degree of 
exposure, topography and climate. (Haapanen 2007b). 
 
After the aquatic phases, the following terrestrial shore types are found in Olkiluoto: 
 Stony or rocky shores can support some scattered meadow-species and later 
bushes, depending on the amount of gaps filled by finer fractions, but typically 
large areas are covered by lichens and mosses.  
 On till shores the littoral stages are dominated by graminoids and low-growing 
shrubs (Svensson & Jeglum 2000). A map of the phases from sea to transition 
between open and bushy habitats in Olkiluoto offshore is shown in Fig. 5-2 
(note that the development on islands differs from mainland due to greater 
exposure to wind, waves and ice).  
 Fine sediment surfaces are found in shallow shores or sheltered locations. They 
are typically dominated by common reed and other vascular plants, and can be 
the starting points of primary mire formation, as well.   
 Sand is rare around Olkiluoto. It moves around easily with waves and wind and 
the lower limit of the vegetation is located higher up on the shore. Gravel 
surfaces may support scattered meadows, depending on the degree of shelter 
(Vartiainen 1980).  
 
Furthermore, on a land-uplift coast, clearly limited, shallow and small bays undergo a 
morphological succession series: they start with an opening or openings to the sea 
(phase called 'flad'), which are slowly cut off (glo-phase) and the development into a 
lake or a mire starts. The development from a juvenile flad to a glo takes typically 100–
200 years (Munsterhjelm 1997).  
 
Most often animals are passive followers of succession among the plants, which provide 
the starting point for all food webs and determine much of the character of the physical 
environment in which animals live. Animals may, however, somewhat affect the 
succession by grazing or eating of seeds (Begon et al. 2006). 
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Figure 5-2. Development of shoreline and shoreline vegetation in a flat island in  
Olkiluoto offshore between 1946 and 2007. Aerial photograph sources: Finnish 
Defence Forces/Defence Intelligence Centre (1946), National Land Survey of 
Finland/Aerial Image Centre (1987), Posiva (2007). Present-day shoreline: 
topographic database by the Land Survey of Finland. Map layout by Jani Helin/Posiva 
Oy. 
 
5.2.2  Flora and fauna of sea shores 
 
The aquatic flora in the Olkiluoto offshore ranges from the algae-dominated hard 
bottom communities in the outer archipelago to the vascular plant-dominated soft-
bottom communities in sheltered locations. Number of aquatic plant species has been in 
the range of 24 to 27 (Kinnunen & Oulasvirta 2004, Ilmarinen et al. 2009). Effects of 
eutrophication can be observed in the area affected by the power plant cooling waters. 
From the 1970s, the proportions of different species have changed, and perennial algae 
and plants have been replaced by annual species, mainly filamentous algae (Mäkinen et 
al. 1992, Vahteri & Jokinen 1999). The most distinctive littoral species, common reed 
(Phragmites australis), forms an almost continuous belt around the island in the upper 
hydrolittoral, being at its widest in the most sheltered locations. Low meadows are 
often, but not always, found between the reed zone and the black alder (Alnus glutinosa) 
or sea buckthorn (Hippophaë rhamnoides) belt upper on the shore. 
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Within the radionuclide monitoring programme of the Olkiluoto nuclear power plant, 
littoral vegetation and soil were sampled in 2005 from three transects on the sides of the 
cooling water discharge area. Radionuclide concentrations from both soil and plants 
were obtained only for K-40 and Cs-137 and in some cases for Co-60 (Haapanen 2006). 
This information can be used to calculate concentration ratios for caesium. It is an 
element of low priority from the point of view of the biosphere assessment (see Section 
1.3). However, the data contributes to the radionuclide baseline of the spent nuclear fuel 
disposal. 
 
The great variety of habitats near the shoreline, from aquatic conditions to mires or 
climax stage forests, maintains a great variety of fauna species, as well. In 
macrozoobenthos, bivalves (Lamellibranchiata), snails (Gastropoda) and polychaetes 
(Polychaeta) dominate in numbers, while bivalves and polychaetes dominate the 
biomass. Oligochaeta are found mainly in clear water. The bivalve Macoma baltica is 
common in 2–5 metres depth on the sand, silt and mud bottoms. The polychaete 
Marenzelleria (arctia) is found in places with low oxygen levels. Altogether 43 species 
of macrozoobenthos were found in Olkiluoto offshore, with an average density of 2,899 
individuals per m², during the transect
 
study in 2008. (Ilmarinen et al. 2009).   
 
For waterfowl, the most important area of Olkiluoto Island is the northern shoreline. 
The northern part of the island borders with an Important Bird Area (Finnish Important 
Bird Area FINIBA 120075) in the delta of River Eurajoki (Lepola & Ojala 2007). The 
most abundant waterfowl species has in recent years been eider (Somateria mollissima; 
Yrjölä 1997, 2009). During the last decade, the overall species composition seems to 
have become more even; populations of species typical of inner archipelago and more 
eutrophic waters, such as great crested grebe (Podiceps cristatus), have increased while 
those of species typical of outer archipelago have decreased. The overall trend has been 
an increase. In 2008, altogether 23 species were observed to nest in the area of the 
checkpoints. In addition, a few species were observed, but not interpreted to be nesting 
in the checkpoint area. (Yrjölä 1997, 2009). Given the length of shoreline, the hunting 
pressure on waterfowl is minimal, and for example in 2007 no waterfowl were hunted 
(Table 5-1).   
Table 5-1. Catches of waterfowl (game) at Olkiluoto in 2004-2007 (Oja & Oja 2006, 
Haapanen 2007-2008).  
 
Species 2004 2005 2006 2007 
Mallard (Anas platyrhynchos) 16 5 10 0 
Common teal (Anas crecca) 4 0 0 0 
 
 
Mammalian littoral fauna have not been studied systematically. Roivainen (2006) and 
Nieminen & Saarikivi (2008) have observed yellow-necked mice and bank voles in 
some black alder-dominated shoreline locations. Field vole was observed as well by 
Nieminen & Saarikivi (2008). In shoreline meadows they observed East-European voles 
and field voles. At least two different bat species and the largest number of bat 
observations among the study locations around the island were recorded in 
Karhunkarinrauma reedbeds in the diagnostic study by Ranta et al. (2005). 
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Regarding herpetofauna, suitable microhabitats for common lizard are found at dry and 
sunny shorelines. In the study by Nieminen & Saarikivi (2008) it was observed in 
shoreline willows and meadows. Common frogs and smooth newts tolerate some 
salinity and can therefore survive at the shoreline willows.  
Two species of carabid beetles were caught in a black alder forest in the trapping study 
by Ranta et al. (2005). Santaharju et al. (2009) trapped more ants in shoreline black 
alder stands than in meadow or field habitats, but less than in other forested habitats, 
whereas ground beetles were more common in meadows and fields, followed by birch 
and black alder stands. Number of individual species or species groups in shoreline 
black alder stands were 5 for ants and 18 for ground beetles. 
Stony and/or exposed shores 
 
In the shallow waters at the shoreline of the Olkiluoto Island, stones and boulders are 
covered by green algae such as Cladophora glomerata, C. fracta and Ulva sp. 
Maximum growth depth of vascular plants, stoneworts and water mosses is about 2 m. 
Bladder wrack (Fucus vesiculosus) is also found until 2 m. In deeper parts (approx. 4–8 
m), red (e.g. Polysiphonia fucoides) and brown algae (e.g. Spachelaria arctica and 
Pseudolithoderma sp.) dominate. (Ilmarinen et al. 2009). Common reed may form a 
narrow belt in the hydrolittoral. On upper locations, low meadows are often narrow, 
sparsely vegetated or completely missing. (Miettinen & Haapanen 2002).    
 
The most abundant bottom fauna groups are Polychaeta, Lamellibranchiata and 
Amphipoda.  (Ilmarinen et al. 2009).  
 
Sandy shores 
 
Sandy shores are rare around Olkiluoto (Fig. 5-1). 
 
Sheltered mud/gyttja shores  
 
In the hydrolittoral reed, spike rush, and club rush meadows, the main species, 
especially common reed (Phragmites australis) colonies grow in large monocultures. 
Wide reed-rush swamps are also common. In the low rush, grass, and sedge meadows, 
Eleocharis uniglumis-Agrostis stolonifera and Juncus gerardii-Festuca rubra-Carex 
glareosa colonies are most common in the area. Colonies of E. uniglumis-A.  stolonifera 
are mainly located in the lowest regions of the geolittoral throughout the low meadows. 
Particularly E. uniclumis is typically found in the lower geolittoral, and often in the wet 
patches of the meadow. Larger in number are the J. gerardii-F. rubra-C. glareosa 
colonies situated in the middle or upper geolittoral.  Sedges are also common, and when 
they are the main species, the shores are swampy. Low shore meadows are usually 
situated in the zone between the black alder groves (Alnus glutinosa + Filipendula 
ulmaria) and colonies of common reed (Phragmites australis).  
 
The diving transects on sheltered shores studied in 2008 (Ilmarinen et al. 2009) ranged 
from 0.2 to 3.2 m in the water depth. The bottoms are covered by clay or mud, and the 
thickness of the soft bottom over the firm one varies. The number of macrophyte 
species (algae, vascular plants, stoneworts and water mosses) found along the lines 
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varied from 7 to 19. Most common species were the pondweeds fennel pondweed 
(Potamogeton pectinatus) and P. perfoliatus. Spiked water-milfoil (Myriophyllum 
spicatum), M. sibiricum, Ceratophyllum demersum and Najas marina appeared with 
lower coverage. Stoneworts (Chara aspera, but also some C. tomentosa and Tolypella 
nidifica) were found on some transects in shallow areas. As well, Zannichellia palustris, 
Ranunculus circinatus, Lemna trisulca and Callitriche hermaphroditica were met. At 
highest, macrozoobenthos species from 21 taxonomic groups were met. 
 
In the Flutanperä Flad, on the southern shore of the Olkiluoto Island, the water depths 
ranged between 0.3 and 0.8 metres. The top layer of the bottom substrate was mud and 
clay, which covered a firm till bottom. The amount of the sediment on the bottom was 
moderate, which means that there is some loose sediment on the bottom, but not much 
on the vegetation. Species composition was typical for a flad: green algae Vaucheria 
sp., stoneworts Chara aspera and Chara canescens and pondweed Potamogeton 
pectinatus were the most common species. Zannichellia sp., Myriophyllum spicatum, 
Lemna trisulca and Najas marina appeared in some places. Furthermore, club rushes 
(Schoenoplectus tabernaemontani) and reeds (Phragmites australis) were met. 
Altogether, 13 species of macrophytes, including algae, vascular plants and stoneworts 
and 3 species of sessile invertebrates were found.  The most abundant bottom fauna 
groups were Gastropoda, Coleoptera and Chironomidae. High biomass of 
Chironomidae, especially Chironomus f. l. plumosus, indicated high eutrophication. 
(Ilmarinen et al. 2009). 
 
5.3  River shores 
The rivers Eurajoki and Lapinjoki flow through the intensively cultivated, flat field area 
of Southern Satakunta. Clay, sand, silt and partly peat are common soils in the 
catchments making the riverbanks easily erodable (Fig. 5-1). 
 
The fields reach the river banks in many places and the vegetation area in the shore is 
narrow. The flora and fauna of the littoral zones of the rivers Eurajoki and Lapinjoki 
have not been inventoried.  
 
5.4  Lake shores 
The soils in the catchments of the analogue lakes, selected to represent the lakes 
forecast to form near Olkiluoto in the future (see further discussion in Section 6.1.1 
below), consist mainly of till. The natural shores are hard (till-dominated) and exposed 
especially in lakes Valkjärvi, Lampinjärvi and Kivijärvi (Fig. 5-1). The shores of lakes 
Poosjärvi and Lutanjärvi are mainly sandy but hard shores exist, too. In Lake 
Koskeljärvi hard till-dominated and open cliff-shores alternate with sand shores. There 
are also soft shores in sheltered bays or inlets in every reference lake. 
 
Due to shallowness of the lakes, the littoral zones are wide in proportion to the lake 
sizes. For instance, the whole lake system formed by Koskeljärvi and Suomenperänjärvi 
can evidently be defined to be littoral: the lake system is shallow and the light penetrates to 
the bottom almost everywhere. The area of the geolittoral and the helophyte zone are wide. 
Stony and hard shores are usually characterised by narrow helophyte zones. Sedge 
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meadows (Carex rostrata, Carex acuta) or reed areas are typical of the selected lakes 
(Salmi 2006, Sydänoja et al. 2004, Turkki et al. 1998), except the Lake Poosjärvi (Hakila & 
Kalinainen 2001). Nympheids (e.g., Nuphar lutea) typically form zones outside the 
helophyte zones. Isoetids are found especially on sandy shores.  
 
The data of the fauna of the selected lakes analogous to the predicted future lakes at 
Olkiluoto are sporadic. The zoobenthos studies of the lakes have been made in the open 
water areas only, not in the littoral areas. 
 
Stony and/or exposed shores 
 
The shores of Lake Koskeljärvi are mainly of hard and stony origin, but at intervals 
there are also sandy shores. The area of geolittoral and the helophyte zone are wide almost 
everywhere in the lake. Only where a bedrock outcrop reaches the water, the helophytes are 
usually absent. However, the nympheids and submerged plants are usually growing on these 
shores. In the middle and northern part of the lake there are oligotrophic shores and 
bottoms, where isoetids (Isoetes sp., Lobelia sp.) and sparse nympheids characterise the 
vegetation. Some rocky shores of the islands are nearly bare or only some isoetids exist 
there (Sydänoja et al. 2004). 
On Lake Lutanjärvi, the vegetation is rather scarce in stony/hard and rather deep shores on 
the eastern part.  
Majority of the shores of Lake Valkjärvi are stony and hard. The narrow vegetation zone 
consists of sedges (mainly Carex acuta) and small reed stands (Turkki et al. 1998).  
On Lake Poosjärvi, majority of the natural shores are sandy, but the shores of the island 
are hard with zones of a sedge, Carex acuta, covering the shorelines (Hakila &Kalinainen 
2001).  
Sandy shores  
 
The original sediment of the northern and western shores of Lake Lutanjärvi is sand, but 
due to floods and shallowness they now are swampy. The littoral zone is rather wide and the 
helophyte zone is dense. The geolittoral and hydrolittoral are characterised by bladder sedge 
(Carex vesicaria) or bottle sedge (Carex rostrata) and common reed (Phragmites australis). 
Among the bottle sedge meadows also bog arum (Calla palustris), Potentilla palustris, 
Lythrum salicaria and Eleocharis palustris are met. On the northwestern shore, reed and 
cattail are dominating. Nympheids, such as floating pondweed (Potamogeton natans) and 
pond-lily (Nuphar lutea) dominate the sublitttoral. Greater bladderwort (Utricularia 
vulgaris) grows among the water-lily stands. Submerged plants are scarce (Salmi 2006). 
Majority of the shoreline of Lake Valkjärvi are stony and exposed, but sandy shores are 
found here and there with isoetids (Isoetes lacustris, Lobelia dortmanna, Subularia 
aquatica) dominating the aquatic vegetation (Turkki et al. 1998). 
Majority of the shores of Lake Poosjärvi are sandy, but nowadays covered by flood 
meadows, where slender tussock-sedge (Carex acuta) and leafy tussock-sedge (Carex 
aquatilis) dominate. Among the Carex species, for example, Lysimachia thyrsiflora, 
Potentilla palustris, Peucedanum palustre and horsetail (Equisetum fluviatile) are 
found. Many species (Phragmites australis, Typha latifolia and Schoenoplectus 
143 
 
lacustris) that are typical of Finnish lakes are rare in Lake Poosjärvi (Hakila & 
Kalinainen 1992, 2001). 
Sheltered mud/gyttja shores 
 
In the bays and other sheltered areas of Lake Koskeljärvi wide sedge and common reed 
meadows characterise peaty shores. In some places, bog arum (Calla palustris), 
bogbean (Menyanthes trifoliata) and iris (Iris pseudacorus) form gorgeous vegetal 
areas. In the sheltered southern part of the lake aquatic bryophytes (Warnstorfia 
trichophylla, Drepanocladus sp.) dominate large areas (Sydänoja et.al 2004). 
 
Wide meadows and other vegetated areas provide shelter and nesting places. The most 
plenteous aquatic birds are goldeneye (Bucephala clangula) and mallard (Anas 
platyrhynchos). Numerous red-necked grebe (Podiceps grisegena) pairs nest in Lake 
Koskeljärvi, and common sandpiper (Actitis hypoleucos) and common snipe (Gallinago 
gallinago) are most abundant waders.  Nearly 20 nesting pairs of cranes (Grus grus) are 
observed annually. Many species, although few individuals, nest in the waterfront 
forests (e.g., predatory birds and woodpeckers) (Metsähallitus 2006). 
 
The vegetation is extensive in the sheltered muddy bays of Lake Lutanjärvi, where 
horsetail (Equisetum fluviatile), perfoliated pondweed (Potamogeton perfoliatus) and 
water milfoil (Myriophyllum alterniflorum) are plenteous (Salmi 2006).   
 
In Lake Valkjärvi, soft muddy shores exist only in sheltered small bays where reed or 
sedge meadows form dense stands. Nympheids cover large parts of these bays as well.  
 
In Lake Valkjärvi, the most valuable bird area is located in the southern part of the lake, 
where the waterfowl and waders mainly nest (Turkki et al. 1998). 
 
Lake Poosjärvi is a valuable waterfowl habitat, as well, with a high number of nesting 
waterfowl and wader species (Hakila & Kalinainen 1992, 2001).  
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6  FRESHWATER BODIES 
6.1  Common properties 
6.1.1  General description of the ecosystems  
There are two major rivers, Eurajoki and Lapinjoki, that drain into the Bothnian Sea 
near Olkiluoto. The River Eurajoki represents Southwestern Finland‟s second largest 
river system after the River Kokemäenjoki. The total area of the watershed of the River 
Eurajoki, which flows through the municipalities of Eura and Eurajoki, is 1,336 km
2
. 
The River Eurajoki flows into the sea inlet referred to as the Eurajoensalmi Bay, located 
between Olkiluoto Island and the mainland. The River Lapinjoki (watershed 462 km
2
) 
has its origins in forest and peatland areas and flows through the municipalities of Eura 
and Rauma into the Bothnian Sea. There are numerous small lakes in the Lapinjoki 
watershed. 
 
New lakes are formed from coastal bays by isolation driven by the post-glacial land 
uplift. The bays have a morphological succession series: they start with an opening or 
openings to the sea, which are slowly cut off and the development into a lake or a mire 
starts. The Eurajoensalmi Bay and the south side of the Olkiluoto Island are very 
shallow, typically with water depths of two metres or less. However, there are a few 
relatively large areas in the vicinity of Olkiluoto that potentially would form isolated 
lakes as the land uplift proceeds over the next several thousands of years (Ojala et al. 
2006, Ikonen 2007b). 
 
Given the scarcity of current limnic systems at Olkiluoto, lakes and small water bodies 
of similar characteristics to the ones expected to evolve in future were searched for in 
nearby areas. All potential analogous lakes are described in detail in Haapanen et al. 
(2009). In this report, four lake systems were chosen for further analyses based on their 
size, depth, time of isolation, characteristics of the catchment area, European Union 
Water Framework Directive (WFD) type and whether they represent a 
drainage/headwater/closed lake type (Table 6-2). Each of them represents a specific 
type of lake ecosystem developing in future (Table 6-1). However, it is impossible to 
find exact analogues. Furthermore, the properties of future lakes are based on 
modelling, and are subject to uncertainties in data and assumptions.   
 
The five future lakes (called Lake 1...Lake 5), whose watersheds surround Olkiluoto 
Island are presented in Fig. 6-1, with the corresponding lake analogues. Lake 5 and 
Lake 1 will isolate from the sea at approximately the same time, between 1,000 and 
1,500 years after present (Ikonen 2007b). The calculated bathymetry for Lake 5 would 
suggest that, based on average depth, this is going to be the deepest lake (>5 m) that will 
form in the vicinity of Olkiluoto during the next few millennia. In addition, it seems that 
Lake 5 will also be the most significant watercourse of the future hydrological unit that 
will develop on the south side of Olkiluoto.  
 
Lake 1 is not as deep as Lake 5 (mostly between 3–5 m) and has a critical location in 
terms of the future river estuary (Ikonen 2007b). Lake 1 will be located directly on the 
route of the merged Eurajoki and Lapinjoki Rivers of the future. It is therefore quite 
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likely that this future lake basin will be filled with sediments very rapidly as the 
shoreline displacement proceeds.  
 
Table 6-1. Forecast properties of the future lakes near Olkiluoto (Ikonen 2007b), cf. 
Fig. 6-1. Depth is the initial mean depth at the time of isolation.  
 
 Lake 1 Lake 2 Lake 3 Lake 4 Lake 5 Lake chain in Eurajoensalmi 
Size, ha 120 14 100  420 
Depth, m 1.2 0.5 2.0 2.1 3.7 
Catchment area, 
km
2
 
8.3 4.2 27.3 19.0 47.0 
Analogous 
present lake 
Lakes Poosjärvi, Kivijärvi and Lampinjärvi 
Valkjärvi or 
Lutanjärvi 
Koskeljärvi and 
Suomenperän-
järvi 
 
 
Figure 6-1. Future lakes developing in Olkiluoto offshore (Ikonen 2007b) and lakes 
selected from the Reference Area to represent the future ones. Background map: 
topographic database by the National Land Survey of Finland, derivation of watersheds 
based on these data, as well. Map layout by Jani Helin/Posiva Oy.    
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6.1.2  Geology 
The main factors affecting the quality and quantity of surface waters are catchment size, 
shape and soil type, topography, geology, vegetation, climate and anthropogenic factors. 
The main transportation processes are sedimentation, resuspension and erosion. 
Processes occurring within the freshwater bodies are shown later in Fig. 10-8.  
 
Solid matter is carried in rivers mainly in two ways, in suspension and along the bottom. 
The grain size of the bottom drift is mainly more than 0.1–0.2 mm, and the finest 
fraction is mainly transported by suspension. The amount in the bottom drift is about 
10–15% of total sediment transport (Nilsson 1971, Richards 1982, Gomez 1991). The 
main factors controlling the bottom drift are the channel profile, hydraulic properties of 
the river, and amount and grain size of material available for transport. In Finnish rivers, 
the amount of matter available for transport is minor, and thus most of the river drift 
models as such are not valid in Finnish rivers. However, according to the data of 
Leopold & Maddock (1953) the bottom drift can be determined (Vehviläinen 1981). 
 
The geomorphology of lakes is intimately reflected in physical, chemical and biological 
events within the basins and plays a major role in the control of the metabolism of a 
lake. The geomorphology of a lake controls the nature of its drainage, the inputs of 
nutrients to the lake and the volume on influx in relation to flushing renewal time. Most 
lakes have a natural outflow in the form of a river or stream, but endorheic lakes lose 
water solely through evaporation or underground seepage, or both. The hydrological 
cycle defines the renewal time. 
 
Mineral and organic matter is deposited onto lake bottoms by siltation and 
transportation along the bottom.  The maximum accumulation rates have been observed 
in lakes located in clay areas or near eskers. The lowest accumulation rates generally 
apply to lakes that are small, located at a relatively high altitude and have peat along 
their shorelines. The accumulation of dry matter has usually been at its fastest 
immediately after lake initiation. 
 
In lakes that are surrounded by paludified till soils, the high carbon content of the 
sediment leads to larger carbon stores and high accumulation rates. In stabilised 
sedimentation environments, the accumulation of carbon continues at a fairly even rate. 
However, many large lakes have undergone significant changes in their sedimentation 
conditions, which have affected the carbon accumulation at the local level. For instance, 
heavy ditching of mires and forests affects lake sedimentation.  
 
Sediment resuspension, the return of the bottom material into the water column, is an 
important process that can have various effects on a freshwater ecosystem. 
Resuspension, caused by wind-induced wave disturbance, currents, turbulent 
fluctuations and bioturbation, affects water quality characteristics, such as turbidity, 
light conditions, and concentrations of suspended solids and nutrients. The main erosion 
types are surface soil and channel erosion, the latter being typical of rivers in 
Southwestern Finland. Soil management, for example, ditching and removal of 
vegetation increases erosion. 
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In areas affected by the land uplift, the terrain continues to tilt, i.e. the uplift is not 
uniform. The effect of tilting to a lake depends on the location of the outlet. Due to 
tilting, ancient shorelines and outlets can be detected. Shore banks, washed stone fields 
and littoral deposits are typical of erosion shores, whereas terraces are met with on 
accumulation shores. 
 
6.1.3  Hydrology and water quality 
The main routes of runoff are surface, sub-surface and groundwater flow. In particular, 
in impermeable and frozen soils, surface runoff is important, whereas groundwater flow 
dominates in coarse-grained soils. The amount of runoff is determined by the climate 
and regional and anthropogenic factors. Some of the hydrological factors are practically 
unchangeable, like topography and geology of the catchment area; some slowly 
changeable, like tree biomass; some change according to season, like micro-climate and 
vegetation. (Hyvärinen 1986). 
Accumulation of runoff is slowest in long and narrow catchments and most rapid in 
circular areas. Large catchment areas smooth the peak runoffs. In lake-rich areas, lakes 
smooth both high and low runoffs with their storing capacity. Vegetation restrains the 
fast surface runoff and slows down water soaking to soil. The runoff regime could be 
very different in catchments close to each other, although the climatological factors 
would be essentially the same. In coastal areas, small and medium-size rivers, whose 
catchment areas do not include lakes, are sensitive to floods in rainy seasons and suffer 
water shortages in dry seasons. Harvesting of trees and other vegetation, soil 
preparation, ditching, lowering or drainage of lakes, damming and water regulation 
could change significantly the hydrological cycle of surface water systems. (Hyvärinen 
1986). 
The chemical composition of surface waters is determined by both the composition of 
water that enters rivers and lakes and reactions with sediments and vegetation. The 
classical use of water analyses in hydrogeochemistry is to produce information 
concerning water quality, but it has a potential use for tracing the origins and history of 
the water.   
Typical of the surface waters in Finland is low electrolyte concentration, i.e., softness. 
The surface waters are relatively acid due to fact that soils and bedrock are mainly acid, 
containing low concentrations of dissolving elements. In general, waters are richer in 
electrolytes in clay rich areas in Southwestern Finland than in other areas, with some 
exceptions. Another typical feature is high humus content, which increases the acidity 
and opacity of waters in peaty and organic matter-rich soils: in areas rich in mires, the 
lakes are brownish in colour and dysoligotrophic. In coastal areas, surface waters and 
shallow groundwaters are characterised by fairly high contents of marine ions (Lahermo 
et al. 1996). Common water quality parameters and their values for the selected 
reference lakes are presented in Table 6-3 and for rivers Eurajoki and Lapinjoki in Table 
6-4.  
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Table 6-3. Water quality of reference lakes during winter and the open-water season in 
2000–2008. W = Winter, O = Open water season. Data source:  Environmental 
information and spatial data service - OIVA portal, May 4, 2009. 
 
 Poosjärvi Kivijärvi Lampinjärvi Koskeljärvi Valkjärvi Lutanjärvi 
 W O W O W O W O W O W O 
Total P, µg/l 49 56 37 45 32 43 21 18 13 18  12 
Total N, µg/l 1,173 733 1,333 690 1,400 700 900 552 623 484  650 
PO4-P, µg/l 22 9 16 8 12 7 4 2 3 1  2 
NH4-N, µg/l 31 8 45 14 155 18 92 8 76 2  17 
Chlorophyll-a, µg/l  16  13  18  6  13   
pH 6.3 6.6 6.3 6.7 6.3 6.9 5.8 6.8 6.5 7.0  7.5 
Turbidity, FNU * 4 6 6 6 6 5 3 2 1 3  1 
Colour, mgPt/L 160 120 193 140 170 145 180 62 30 28   
Oxygen, % 60 83 57 81 70 94 22 96 77 96  90 
Conductivity, 
mS/m 
8 5 7 6 12 6 7 4 5 4  16 
* Turbidity is a measurement of the light-absorbing and light-scattering properties of a liquid. The unit FNU stands for Formazin 
Nephelometric Units.  
 
 
Table 6-4. Comparision of water quality characteristics of the rivers Eurajoki and 
Lapinjoki, averages of 2000–2007. Data source:  Environmental information and 
spatial data service - OIVA portal, May 4, 2009. 
 
 
River Eurajoki 
(RWS01) 
River Lapinjoki 
(RWS23) 
Total P, µg/L 61 42 
Total N, µg/L 2,140 1,750 
Oxygen concentration, mg/L 11.4 8.5 
pH 6.9 6.4 
Conductivity, mS/m 20 18 
Colour, mgPt/L 69 108 
Turbidity, FNU* 19 12 
*Turbidity is a measurement of the light-absorbing and light-scattering properties of a liquid. The unit FNU 
stands for Formazin Nephelometric Units.  
 
Table 6-5. Classification of lakes according to phosphorus and chlorophyll-a 
concentrations and primary production.  
Trophic level Total phosphorus (µg/L) 
Chlorophyll-a 
(µg/L) 
Primary production 
capacity (gC/m2/d) 
Oligotrophic <12 <3 <100 
Mesotrophic 12-34 3-9.9 100-199 
Eutrophic 35-80 10-60 200-999 
Hyper-eutrophic >80 >60 >1,000 
 
In water bodies, the annual, seasonal, daily and hourly variation of many chemical and 
physical parameters is large. The main fluctuation in water quality of rivers is usually 
explained by the varying weather conditions, especially the amount of precipitation, as 
the rain washes away nutrients and suspended solids from the catchment area and into 
the rivers. In lakes, several abiotic and biotic factors affect the variation in water 
quality.  
The water quality of fresh water bodies has been classified in terms of the general 
usability (Finnish Environment Institute 2005). The latest classification included data 
from 2000–2003. The general usability classification of water bodies reflects the 
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average suitability of the water bodies for water supply, fishing and recreation in 
Finland. The usability classification bases on the natural quality of the water and human 
impacts. There are five classes: excellent, good, satisfactory, passable and poor. 
Moreover, in 2008, the ecological state of rivers and lakes was classified as part of the 
European Union Water Framework Directive (WFD) work. Classification was based on 
various biological and physico-chemical factors. 
 
6.1.4  Primary production 
In freshwater bodies, the primary production is typically measured in terms of 
concentrations of chlorophyll-a. In addition, primary production capacity and 
phytoplankton species composition may be studied. Vegetation studies have typically 
been conducted for example in restoration projects of the lakes, but seldom in rivers. 
The reference lakes are rather shallow and the vegetation (helophyte and nympheid) 
zones are well developed. 
 
Finnish lakes have been classified into different botanical lake types according to 
dominant macrophyte species and their relative abundances (Maristo 1941). Moreover, 
species adapted to grow in different habitats and environmental conditions are called 
indicator species. In addition to macrophytes, phytoplankton species composition and 
biomasses can be used to indicate the trophic status of lakes (Järnefelt et al. 1963, 
Heinonen 1980, Tikkanen 1986). On the basis of the phytoplankton biomasses, Finnish 
lakes have been classified into six different eutrophication groups (Heinonen 1980, 
Tikkanen 1986). 
 
Chlorophyll-a concentrations and primary production capacity as well as the total 
phosphorus concentrations may be used as indicators for europhication to classify the 
trophy level of freshwater bodies. Criteria applied by the Water Protection Association 
of Southwestern Finland are presented in Table 6-5. According to the chlorophyll-a 
values during open water season in 2000s, the primary production of the reference lakes 
indicates eutrophy, except in lakes Koskeljärvi and Lutanjärvi, where values indicate 
oligotrophy.  
6.1.5  Fauna 
In lakes, the wide helophyte zones provide diverse habitats and shelter for the fauna 
(birds, fish, aquatic mammals). Some of the present-day lakes selected analogous to 
those expected to be formed near Olkiluoto in the future are ornithologically valuable 
water areas and part of the Natura 2000 network.  
 
 
6.2  Lakes Koskeljärvi and Suomenperänjärvi 
6.2.1  Geology, hydrology and water quality 
Lakes Koskeljärvi and Suomenperänjärvi situate on the Laitila Rapakivi granite rock 
area. This rock is over 1,500 million years old (Vorma 1976).  Tills in the Rapakivi 
granite area are enriched with non-nutrient (except fluorine) residual elements 
(Koljonen 1992). Thus, scarcity of the nutrients is typical of these lakes. 
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As a result of land uplift, the lakes Koskeljärvi and Suomenperänjärvi isolated from the 
sea for about 5,000 years ago (Sydänoja et al. 2004). The lakes are shallow and humic. 
The land use and soil types in their catchment areas are presented in Figure 6-2.  
 
The water delay time is quite long. Lake Suomenperänjärvi is located to the south of 
Lake Koskeljärvi and these two lakes are connected by a narrow strait. The water level 
of the lakes has been lowered in the 1800s and 1900s by altogether about two meters. 
Lake Koskeljärvi is a drainage lake. 
 
The shores of the lakes are free from settlement. The water quality of Lake Koskeljärvi 
has been classified as good according to the general usability and ecological state 
classification. Due to the shallowness, the lake is overgrowing and has suffered from a 
lack of oxygen during the winters (Table 6-3). In 1991, the water level was raised by 
about 30 cm to prevent overgrowing. As a result, the oxygen problems have been 
smaller (Sydänoja et al. 2004). Water alkalinity has also improved. Nutrient and 
chlorophyll-a concentrations have lowered; in the 2000s the concentrations have been 
typical of mesotrophic lakes. The amount of particles and water colour have decreased 
since the water level increase, probably due to decreased erosion. Nutrient 
concentrations and water colour has been clearly higher and pH-values lower in 
wintertime compared to the open-water season. 
 
The water quality of Lake Koskeljärvi mostly determines the water quality of Lake 
Suomenperänjärvi. The water quality of Lake Suomenperänjärvi is good in terms of 
general usability, and also the ecological state is good.  
 
6.2.2  Primary production 
The vegetation of Lake Koskeljärvi is typical of a mesotrophic lake. This can be 
explained by the shallowness and humus content. Indicators for eutrophy are lacking 
and locally some oligotrophy indicator species are present. As a result of water level 
rise, the vegetation has changed a lot, and, in some parts of the lake, the succession is 
still incomplete. Areas covered with horsetail (Equisetum) and nympheid vegetation 
have increased. Flood meadows around the lake have flooded and sunk to the bottom in 
large areas (Sydänoja et al. 2004).  
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Figure 6-2 Land use and surface soil types in the catchment areas of lakes Koskeljärvi 
and Suomenperänjärvi. Data is from the CORINE Land Cover 2000 map by the Finnish 
Environment Institute and the soil map by the Geological Survey of Finland. 
 
6.2.3  Fauna 
Lake Koskeljärvi is known as an ornithologically valuable lake and it belongs to the 
Natura 2000 network. Bird populations of the lake have been surveyed several times. 
After the water level rise, changes in bird populations were studied systematically until 
2003. (Lampolahti & Nuotio 2004). Wide meadows and other vegetated areas provide 
shelter and nesting places. The most plenteous aquatic birds are goldeneye (Bucephala 
clangula) and mallard (Anas platyrhynchos). Numerous red-necked grebe (Podiceps 
grisegena) pairs nest in Lake Koskeljärvi, and common sandpiper (Actitis hypoleucos) 
and common snipe (Gallinago gallinago) are most abundant waders.  Nearly 20 nesting 
pairs of cranes (Grus grus) are observed annually. Many species, although few 
individuals, nest in the waterfront forests (e.g., predatory birds and woodpeckers) 
(Metsähallitus 2006). 
The density and biomass of the zoobenthos in Lake Koskeljärvi started to grow after the 
water level rise. However, as there are no zoobenthos results from the time before the 
water level rise, any conclusions for population succession are insecure. (Sydänoja et al. 
2004) 
 
The fish stock of Lake Koskeljärvi was studied in 2002. The total number of fish 
species observed was five (roach Rutilus rutilus, perch Perca fluviatilis, ruffe Acerina 
cernua, pike Esox lucius and Crucian carp Carassius carassius). Roach comprised 
almost half of the total biomass and 65% of the number of individuals, followed by 
perch (20% of biomass, 30% of individuals). The biomass of predatory fish (pike and 
>15 cm perch) was 31% of total. The number of species in the southern part was smaller 
than in other parts of the lake. The fish stock was considered healthy (140 kg/ha). The 
water level rise reduced the contribution of Crucian carp to the biomass (from 80% to 
5%) and increased that of perch and roach (from 20% to 70%). (Sydänoja et al. 2004). 
 
 Koskeljärvi Suomenperänjärvi Koskeljärvi
Forest, shrubland, rock 
outcrops
Mires
Agriculture
Artificial surfaces
 
Suomenperänjärvi
Forest, shrubland, rock 
outcrops
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6.3  Lake system Poosjärvi, Kivijärvi and Lampinjärvi 
6.3.1  Geology, hydrology and water quality 
Lake Poosjärvi is not regulated and spring floods are regular and high. The water level 
has been lowered in the 1800s. Lake Poosjärvi gets most of its waters from another lake 
(Isojärvi) via a small river; Lake Isojärvi strongly affects the water quality of the whole 
lake system. Lakes Kivijärvi and Lampinjärvi are situated downstream from Lake 
Poosjärvi. The outlet river runs via another river to the Bothnian Sea. The land use and 
soil types in the catchment areas of the lakes are presented in Figure 6-3. 
 
As an analogue object, the lake system Poosjärvi, Kivijärvi and Lampinjärvi represents 
short-delay lakes like the future lake chain in Eurajoensalmi. The strong spring floods 
make it a good analogue for other unregulated lakes in the area. However, it must be 
taken into account that the hydrology of these lakes heavily depends on the regulation 
of the whole River Karvianjoki watershed.  
 
All the three lakes are shallow. In Lake Poosjärvi, the main problems are eutrophication, 
overgrowing and lack of oxygen during the winters. To prevent overgrowing and 
preserve the bird lake conditions, the water level was raised in 1998. The ecological 
state of Lake Poosjärvi has been classified as good, while the general usability 
classification has changed from passable to satisfactory partly due to the water level 
rise. Lakes Kivijärvi and Lampinjärvi are also classified as satisfactory in terms of 
general usability and the water quality is quite similar to Lake Poosjärvi (Table 6-3). 
Water is rich in humus due to the peatlands in the catchment area. In the 2000s the 
phosphorus levels have been typical of eutrophicated lakes. 
 
6.3.2  Primary production 
Chlorophyll-a concentrations of the lakes has been typical for eutrophicated lakes in the 
2000s. In summertime, communities consisting of sedges dominate large areas in 
Poosjärvi. In the northern part of the lake, there are dense horsetail (Equisetum) 
communities. European frogbit (Hydrocharis morsus-ranae) is plenteous at some places 
among horsetail. In the northern part of the lake, flowering rush (Butomus umbellatus) 
and Ranunculus lingua (indicates flowing water) are found. There is an open area in the 
middle of the lake surrounded by nymheids and helophytes. Reed (Phragmites 
australis), cattail (Typha latifolia) and clubrush (Schoenoplectus lacustris) are scarce 
contrary to many other lakes in Finland (Hakila & Kalinainen 1992, 2001). 
 
There are no reported data for primary production of Lakes Lampinjärvi and Kivijärvi. 
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Figure 6-3. Land use and surface soil types in the catchment areas of Lakes Poosjärvi, 
Kivijärvi and Lampinjärvi. Data is from the CORINE Land Cover 2000 map by the 
Finnish Environment Institute and the soil map by the Geological Survey of Finland. 
 
6.3.3  Fauna 
The waterfowl composition of the Lake Poosjärvi has been studied in the 1970s, 1992 
and 2001. The basic species of the waterfowl are common goldeneye (Bucephala 
clangula), mallard (Anas platyrhynchos) and common teal (Anas crecca). Black-
throated diver (Gavia arctica), common mersanger (Mergus merganser), gulls and terns 
are other common species. The passeriformes are few in number. After the water level 
rise, especially the number of common goldeneye and common teal has increased, as 
well as the number of gulls. Common sandpiper (Actitis hypoleucos) and snipe 
(Gallinago gallinago) are the most abundant waders. (Hakila & Kalinainen 1992, 
2001). 
 
There are no systematic surveys of mammals, frogs and insects, but some observations 
have been made during the waterfowl and vegetation studies. Four beaver nests, moose, 
white-tailed deer and mink were observed in 2001. Faeces of flying squirrel were found 
on one island. As well, eleven species of dragonflies were observed. Common toads 
(Bufo bufo), common frog (Rana temporaria) and moor frog (Rana arvalis) are 
relatively plenteous in Lake Poosjärvi. 
 
There are no reported data of the fauna of Lakes Lampinjärvi and Kivijärvi. 
 
6.4  Lake Lutanjärvi 
6.4.1  Geology, hydrology and water quality 
Lake Lutanjärvi is a small lake that floods easily. The outlet runs to River Lapinjoki. 
The land use and soil types in its catchment are presented in Figure 6-4. 
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According to a study carried out in 2003, sediment was quite homogeneous around the 
lake. It comprised mineral substances (Argilla), weakly dissociated remains of 
vegetation (Detritus) and some dissociated organic humus (Substantia humosa). Low 
redox-conditions throughout the sediment profile indicate oxygen problems that have 
been present for a long time. Low contents of soluble phosphorous indicate low rates of 
internal loading. (Salmi 2006).  
 
The water quality of the lake showed marks of eutrophication during 1974–2004. 
Oxygen conditions may be poor during cold and long-lasting winters and this may cause 
internal loading. Water pH has been clearly rising, probably due to increased 
productivity. Nutrient concentrations have varied a lot between samples; in the 2000s 
the mean open-water phosphorus concentration indicated mesotrophy (Table 6-3).  
 
Figure 6-4. Land use and surface soil types in the catchment areas of Lakes Lutanjärvi 
and Valkjärvi. Data is from the CORINE Land Cover 2000 map by the Finnish 
Environment Institute and the soil map by the Geological Survey of Finland. 
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6.4.2  Primary production 
In a study made in 2003, chlorophyll concentrations indicated oligotrophy and the 
phytoplankton biomass was small. In early July, the community consisted of 
Cryptophyceae, but at the end of July it consited of green algae (Chlorophyceae), in 
August of cyanobacteria (Cyanophyceae), and, in later autumn, Cryptophyceae and 
Chrysophyceae. (Salmi 2006). 
 
The western part of the lake is shallow, and there are abundant amounts of water plants. 
In general, the lake vegetation is diverse. In a vegetation survey, altogether 70 species 
were found. On shallow shores helophytes, especially reed (Phragmites australis), are 
abundant. Most of the open water in the eastern part of the lake is almost totally covered 
with nympheids, such as pond lily (Nuphar lutea) and floating pondweed (Potamogeton 
natans). (Salmi 2006). 
 
6.4.3  Fauna 
The zooplankton community structure and biomass were studied in 2003 (protozoans 
were not included). The zooplankton community comprised 27 species. The species 
composition varied a lot between samples. Big zooplankton species were observed, 
probably due to fish deaths in earlier winters. (Salmi 2006). 
 
Zoobenthos biomass, community and density were studied in 2003 in three sampling 
sites. The amount of species per site was 7–10 and the population density was in the 
range 3,011–6,010 ind./m2. Biomass varied in the range 28–58 g/m2. The main group, 
chironomids (Chironomidae), accounted for 96–99.7% of total biomass. Also 
Oligochaeta and Sphaerium sp. were observed. (Salmi 2006). 
 
The fish stock was studied in 2001. The total number of fish species observed was four: 
perch (Perca fluviatilis), pike (Esox lucius), bream (Abramis brama) and roach (Rutilus 
rutilus). As well, crucian carp (Carassius carassius) is known to live in the lake. Roach 
comprised 80% of the biomass and over 90% of the number of individuals. Lack of 
oxygen has caused wintertime fish deaths (e.g., in winter 2003). (Salmi 2006). 
 
6.5  Lake Valkjärvi 
6.5.1  Geology, hydrology and water quality 
The catchment area of Lake Valkjärvi is quite small relative to the lake area. Other 
water bodies cover 4% of its catchment (CORINE Land Cover 2000 map). The land use 
and soil types of the rest of the catchment area are presented in Figure 6-4. The lake 
discharges via a ditch to the River Pomarkunjoki.  
 
According to a sediment study carried out in Valkjärvi, the lake sediment is dark, 
organic matter-rich fine detritus gyttja. The isolation from a Litorina Sea bay into a lake 
can be seen in the sediment properties at a depth of 140 cm. The low sedimentation rate 
reflects low productivity and resuspension. The storage of phosphorus in the sediment is 
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exceptionally high and most of the phosphorus is bound to organic matter. It is probable 
that the internal load is high due to resuspension. (Heikkilä 2007) 
 
The water level of the lake has been lowered by about one metre in the 1800s and 
1900s. Lake Valkjärvi had been one of the clearest lakes in the Satakunta region, but 
during the recent years, the water quality has deteriorated and the general usability 
classification has weakened to satisfactory. Ecological state of the lake has been 
classified as good. In the 2000s the phosphorus concentrations have indicated 
mesotrophy (Table 6-3).  
 
6.5.2  Primary production 
In Valkjärvi, Gonyostomum semen is common in phytoplankton, and it causes the 
chlorophyll-a concentrations to indicate eutrophy. Total phytoplankton biomass varied 
between 2.1 and 16.7 mg/l in 1996 and the number of observed taxa between 63 and 79. 
Most of the biomass in the midsummer was cyanobacteria and Chrysophyceae, and, 
later in the autumn, Gonyostomum semen. (Turkki et al. 1998) 
 
Macrophyte vegetation was studied in 1996. Flood meadow mires as well as rocky and 
bushy shores are characteristic of the shoreline. Macrophyte vegetation covers the bays 
and open water area to a depth of 2 m. Helophyte vegetation is mostly slender tussock-
sedge (Carex acuta) and common reed (Phragmites australis). Horsetails (Equisetum 
sp.) and clubrush (Schoenoplectus lacustris) are present around islands and in the 
northern parts of the lake. Of the nympheids, the main species are yellow water-lily 
(Nuphar lutea) and floating pondweed (Potamogeton natans). Of submerged plants 
perfoliated pondweed (Potamogeton perfoliatus), water milfoil (Myriophyllum 
verticillatum) and Canadian waterweed (Elodea canadensis) were the main species. Of 
the isoetids, Isoëtes lacustris, Lobelia dortmanna and Subularia aquatica were present  
around the lake near the shoreline. (Turkki et al. 1998) 
 
6.5.3  Fauna 
In a survey conducted in 1996–1997, the zooplankton biomass of Lake Valkjärvi varied 
between 44 and 273 µg C/L. Most notable species were Daphnia sp., Chydorus sp. and 
Mesocyclops sp. Individuals were of small size, indicating a large planktivore biomass. 
(Turkki et al. 1998). 
 
The zoobenthos community consisted mainly of chironomids (Chironomidae) and 
oligochaetes (Oligochaeta). The biomass varied between 0.95 and 73 g/m
2
. (Turkki et 
al. 1998). 
 
The fish community consists of at least the following species: perch (Perca fluviatilis), 
pike (Esox lucius), ruffe (Gymnocephalus cernuus), bream (Abramis brama), burbot 
(Lota lota), vendace (Coregonus albula), roach (Rutilus rutilus), brown trout (Salmo 
trutta), arctic char (Salvelinus alpinus) and carp (Cyprinus carpio). As well, crayfish 
(Astacus astacus) is present. Perch and roach are the most numerous species. (Turkki et 
al. 1998). 
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6.6  River Eurajoki  
 
6.6.1  Geology and morphology 
 
The River Eurajoki is a river system that is formed in a fairly plain lowland area with a 
large amount of fine-grained deposits in the catchment and only a few scattered lake 
basins (Kirkkala & Oravainen 2005). The catchment includes the largest lake in 
Southwestern Finland, Lake Pyhäjärvi (154 km
2
), where the approximately 52 km long 
river starts. The lake area as a percentage of the catchment is 13%. The existing lakes 
are typically small, very shallow and moderately or highly eutrophic, exceptions being 
Lake Pyhäjärvi and another lake, Köyliönjärvi (Koivunen et al. 2006). The most 
important tributaries of Eurajoki are the River Köyliönjoki, which starts from Lake 
Köyliönjärvi (catchment area 264 km
2
), and the River Juvajoki (86 km
2
), which joins 
the lower course of Eurajoki. The soil types and land use in the catchment are presented 
in Figure 6-5. In the downstream part of the river, sulphide clay soils sometimes lower 
the pH of the water.  
 
The human impact is seen in the morphology of the river, as many drainage and flood 
protection activities have been conducted. There are 11 rapids in the river and three of 
them have a water power station.  In terms of the EU Water Framework Directive, the 
upper part of the River Eurajoki is a medium-sized clay-region river. After the 
confluence with the River Köyliönjoki, the lower part of the River Eurajoki is a large 
clay-region river. 
 
 
Figure 6-5. Land use and surface soil types in the catchment areas of Rivers Eurajoki 
and Lapinjoki. Data is from the CORINE Land Cover 2000 map by the Finnish 
Environment Institute and the soil map by the Geological Survey of Finland.  
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In the study by Ojala et al. (2006), the regional development of the Olkiluoto-Pyhäjärvi 
area from 2,000 years ago to 8,000 years into the future was examined. A hydrological 
model, EULA, was developed and applied to investigate the past and future 
hydrological regimes and changes in the Olkiluoto-Pyhäjärvi study area.  
 
2,000 years ago, the Eurajoensalmi Bay reached as far as to the present centre of 
Eurajoki municipality (Fig. 6-6). The EULA model for the time point shows an 
additional river basin draining to Eurajoensalmi between the ancient Lapinjoki and 
Eurajoki river basins. This river became part of the ancient Eurajoki river basin between 
1,500-1,000 years ago due to land uplift, and is nowadays known as River Juvanjoki. 
The ancient River Eurajoki used to drain into the Bothnian Sea from the north, but by 
approximately 1,000 years ago its mouth had already been directed towards the west. 
The river mouth transferred about 5 km towards the sea during the last 500 years, and  
Eurajoensalmi changed from a bay into a strait. 
 
 
 
Figure 6-6. Present-day and historical river basins of the rivers Eurajoki and 
Lapinjoki. Background map: topographic database by the National Land Survey of 
Finland, derivation of historical river basins based on these data, as well. Map layout 
by Jani Helin/Posiva Oy. 
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6.6.2  Hydrology and water quality 
The discharge of the River Eurajoki has been regularly measured the in upper 
(Kauttuankoski, RWS25, App. A, Fig. A-7) and lower (Pappilankoski, RWS24) course 
of the river. The level of Lake Pyhäjärvi is regulated by the dam at Kauttuankoski, 
which strongly affects the discharge of the River Eurajoki in its upper parts. Middle and 
lower parts of the River Eurajoki are regulated by dams in Paneliankoski and 
Pappilankoski.  
On average, the discharge of the River Eurajoki has been 8.3 m
3
/s during 1995–2007 
along the lower reaches of the river at Pappilankoski. The average discharge from year 
to year has varied between 2.9 and 11.8 m
3
/s. During larger flood periods, water has 
flowed in the river at a maximum of 56 m
3
/s. The average daily discharge during 2000–
2008 did not differ considerably from the long-term average discharge, either at 
Kauttuankoski or at Pappilankoski (Fig. 6-7). Discharge has been highest in April 
during spring floods from the melting snow.  
 
During dry periods, water is drawn from the River Eurajoki near Pappilankoski into the 
River Lapinjoki to be used by the town of Rauma and industries. During dry periods, 
water is also run from the River Kokemäenjoki through the River Köyliönjoki into 
River Eurajoki to ensure sufficient water volumes. 
 
The water quality of the River Eurajoki has been monitored as a regular measure of the 
environmental authorities for decades. Moreover, the riverside municipalities and 
industry have been required with respect to their wastewater management permits to 
monitor the impact of loading on the state of the river. During these studies, a rather 
comprehensive body of data has accumulated, which includes the main physio-chemical 
parameters as well as many other water quality measurements, for example, 
concentrations of heavy metals. The ecological state of River Eurajoki is in upper parts 
classified as good and in lower parts as satisfactory.  
The water flowing from Lake Pyhäjärvi determines the water quality of the upper 
course of the River Eurajoki. Due to the compensating influence of the lake basin, 
seasonal variations in the water quality of the upper course are relatively minimal (Fig. 
6-8) and the nutrient concentrations have been in the same levels as in moderately 
eutrophic lakes, and the river has been classified as clean and suitable for recreational 
use. Toward the lower course of the River Eurajoki, the water quality changes 
significantly with respect to several variables as compared with those of its upper 
reaches. Concentrations of nutrients and suspended solids as well as turbidity and 
electric conductivity are much higher in the lower parts of the river. However, average 
oxygen concentrations in the 2000s have not varied between the uppermost and the 
lowest station of the River Eurajoki (Fig. 6-8). Furthermore, other concentrations have 
shown typical seasonal variation and been lowest in the summer, but oxygen saturation 
values have usually been lower during winter compared with summer averages for 
1968-2007 (Fig. 6-9). 
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Figure 6-7. Mean discharge of the upper (Kauttuankoski, RWS25; App. A, Fig. A-7) 
and lower (Pappilankoski, RWS24) course of the River Eurajoki, daily averages in 
1991–2005 and 2000–2008. Data source:  Environmental information and spatial data 
service - OIVA portal, May 4, 2009. Monthly precipitation (2000–2008) has been 
measured in Olkiluoto (WOM1, see App.  A, Fig. A-1). 
 
 
Table 6-6. Means, minimums and maximums of some element concentrations (µg/L) in 
the lower course (RWS01) of the River Eurajoki in 2000–2007. Data source:  
Environmental information and spatial data service - OIVA portal, May 4, 2009. 
 
µg/L Al As Cd Cr Cu Pb Ni Fe Zn 
Mean 1,439 0.63 0.13 2.2 4.2 0.56 11 1,117 40 
Minimum 58 0.39 0.02 0.37 1.2 0.08 1.6 220 1.8 
Maximum 5,300 3.04 1.7 16 51 2.3 34 6,000 860 
 
 
Particularly in the lower reaches of Eurajoki, the water quality shows seasonal 
variations in addition to considerable yearly variations (Fig. 6-8). The main fluctuation 
is explained by the varying weather conditions, but, for example, the sampling and 
analysis methods, and number of sampling occasions have undergone changes, as well.  
 
In its lower course, the water of the river Eurajoki has, on occasions, been extremely 
acidic due to aluminium washed from the soil; this acidity has even caused fish deaths 
in the river delta. In 2000–2008, pH values have been lowest during the periods of high 
discharge i.e., April, November and December (Fig. 6-8). The washing away of 
aluminium has originally been engendered by the drying up of small lakes and the 
intensified draining of fields and forests. The acidic washes have followed, as a rule, 
arid periods when the surface of the groundwater has declined, the sulphide top-soil has 
in part become acidified, and the soil has released acidity. During periods of abundant 
stream flow, the large aluminium, iron and ammonium nitrogen concentrations as 
measured are, in similar manner, a consequence of this characteristic of the river‟s 
catchment area (Table 6-6).   
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Figure 6-8. Water quality variation during a year relating to the upper (RWS20) and 
lower reaches (RWS01) of the River Eurajoki; monthly averages in 2000–2008. Data 
source:  Environmental information and spatial data service - OIVA portal, May 4, 
2009. 
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There is some kind of a connection between the suspended solid content in the lower-
course water and the stream flow: the suspended solid content has frequently been large 
when the stream flow has been substantial. Mere variation in the stream flow does not, 
however, explain more than part of the fluctuation in solid and nutrient concentrations. 
The flood induced by snow-melt waters can be minimal in nutrients, whereas heavy rain 
detaches considerable amounts of soil from ploughed fields, to be further conveyed by 
ditches. By and large, however, diffuse-source loading
4
 originating mainly from 
agriculture represents the most important factor with respect to water quality in the 
lower course of the River Eurajoki. 
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Figure 6-9. The water quality of the River Eurajoki in its lower course (RWS01) during 
winter and summer in 1968–2008. BOD7 = Biological oxygen demand, CODMn = 
Chemical oxygen demand. Data source:  Environmental information and spatial data 
service - OIVA portal, May 4, 2009. 
                                                          
4 Point source load originates from a fixed site (e.g. factory), whereas diffuse source loading results from no particular location, but 
from a widespread use of the substance. 
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Figure 6-10. Phosphorus and nitrogen loads (t/y) of the River Eurajoki and mean 
discharge (blue line) at Pappilankoski (RWS24) in 1980–2008. Data source:  
Environmental information and spatial data service - OIVA portal, May 4, 2009. 
 
 
In the period 2000–2008, the River Eurajoki carried on average 21 tonnes of 
phosphorus and 690 tonnes of nitrogen into the Bothnian Sea annually (Fig. 6-10). 
According to the VEPS system developed by the Finnish Environmental Administration 
for the estimation and control of nutrient loads in watercourses (Tattari & Linjama 
2004), about half of the nutrients in the River Eurajoki originate from agriculture, one-
tenth from point sources and about one-fifth is caused by natural leaching. When 
discharges are low, the influence of waste-waters may be observed on water quality. 
The amount of nutrient load varies depending on the discharge and weather conditions, 
especially precipitation.  
 
6.6.3  Primary production 
Chlorophyll-a concentrations and primary production capacity have been monitored 
frequently during the summer months in the River Eurajoki to describe the amount of 
phytoplankton in water. In addition, if the chlorophyll-a concentrations or primary 
production capacity values have been exceptionally high, like in summers 2007 and 
2008 in station RWS01 (App. A, Fig. A-7), composition of the phytoplankton 
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communities have been browsed visually to get an idea of the dominant species. Some 
blue-green algae, green algae, diatoms and cryptomonads have been found. In lower 
parts of the River Eurajoki chlorophyll-a concentrations have been clearly higher than 
in the upper parts of the river (Fig. 6-11). In station RWS01, the parameters have shown 
values typical of eutrophicated or even hyper-eutrophicated lakes.  
 
The amount of total organic carbon has been higher in the lower parts of Eurajoki 
compared with the upper course (Table 6-7). According to the new monitoring program 
of the River Eurajoki, the diatom community studies will be included in monitoring. 
This will provide new information of the state of the river as many diatom species are 
good indicators of water quality. There are no available data on macrophytes in the 
River Eurajoki.  
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Figure 6-11. Chlorophyll-a concentrations (stations RWS20 and RWS01) and primary 
production capacity (station RWS01) of the River Eurajoki as an average for June-
August in 1991–2008. Data source:  Environmental information and spatial data 
service - OIVA portal, May 4, 2009. 
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Table 6-7. Mean, minimum and maximum values of total organic carbon (mg/L) in the 
upper (RWS20) and lower (RWS01) reaches of the River Eurajoki in 1990–2008. Data 
source:  Environmental information and spatial data service - OIVA portal, May 4, 
2009. 
Year RWS01 RWS20 Mean Min Max n Mean Min Max n 
1990 7.0 4.9 8.7 3 3.5 0.2 5.0 4 
1991 9.5 7.1 13.2 4 4.6 4.2 4.9 5 
1992 8.6 7.6 10.2 4 5.3 4.9 5.8 4 
1993 8.8 6.4 13.2 4 5.1 4.0 6.2 4 
1994 11.1 9.2 13.0 8 6.1 5.8 6.4 4 
1995 10.6 7.7 14.0 10 6.1 5.5 6.7 2 
1996 10.7 6.6 20.0 11 5.8 5.7 5.9 3 
1997 10.0 6.0 17.0 11 6.4 6.4 6.4 1 
1998 10.8 8.6 22.0 15 12.1 5.4 31.0 4 
1999 10.3 7.1 15.0 13 6.2 6.2 6.2 1 
2000 10.4 6.2 15.0 12     
2001 11.2 7.3 19.0 13     
2002 8.9 7.4 11.0 11     
2003 9.7 6.2 16.0 13     
2004 9.5 7.9 13.0 13     
2005 12.7 7.5 22.0 11     
2006 12.5 7.4 20.0 12     
2007 11.5 9.0 16.0 13     
2008 11.7 7.8 18.0 12 7.1 7.1 7.1 1 
 
6.6.4   Fauna 
The bottom fauna and quality of sediments of the River Eurajoki have been monitored 
as part of obligatory monitoring studies several times (Turkki & Kirkkala 2007, 
Jumppanen & Räisänen 1998). Bottom fauna research provides data for the conditions 
of the river bottom and the quality and amount of fish nutrition. Sediment studies have 
included monitoring of several heavy-metal (Hg, Cd, Cr, Pb, Zn) and PCB 
concentrations. 
 
Bottom fauna has been studied at four stations along the river in 1988, 1989, 1990, 1996 
and 2005. Furthermore, there are data from one station for some of the years (Table 6-
8). In the most recent bottom fauna study, conducted in the year 2005 (Turkki & 
Kirkkala 2007), the number of species varied between 9 and 15, the number of 
individuals between appriximately 1,700 and 13,000 ind./m
2
, and the biomass between 6 
and 53 g/m
2
 (Table 6-8). The quality of bottoms varied from sand and gravel to 
mud/clay. In stations RWS12, RWS13 and RWS17 (App. A, Fig. A-7), the individual 
numbers and biomasses of bottom fauna were smaller compared to the previous studies 
mostly due to the changes in Chironomidae larvae and the bivalve Pisidium, but in 
stations RWS15 and RWS16 the numbers and biomasses of bottom fauna were higher 
than earlier. In 2005, the proportions of Oligochaeta both in terms of total number and 
biomass of bottom fauna were smaller than in earlier studies in almost every station. 
The proportion of Chironomidae larvae of the total number of bottom fauna were bigger 
both in 1996 and 2005 compared with previous studies. However, the biomass 
proportion of Chironomidae larvae has remained small except in station RWS13.  
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Table 6-8. The species number (S), individual number (N) and biomass (B) of bottom 
fauna in five stations of the River Eurajoki (for their locations, see App. A, Fig. A-7) 
and the proportions of Oligochaeta and Chironomidae larvae (Turkki & Kirkkala 
2007).  
 
Station Year S 
N B Oligochaeta Chironomidae 
ind./m² g/m² % N % B % N % B 
RWS12 1988 17 243,795 451.3 94 67 - - 
 1989 13 81,807 73.4 91 54 0.3 0.2 
 1990 18 83,701 127.5 86 14 0.7 0.5 
 1996 12 6,266 43.9 16 2 12 <1 
 2005 15 6,500 53.2 6 2 40 1 
RWS13 1988 14 8,106 24.8 88 85 7 3 
 1989 12 8,452 42.0 62 15 21 8 
 1990 12 169,556 175.0 97 72 0.5 1 
 1996 13 6,077 19.9 32 31 28 15 
 2005 10 1,739 6.5 5 3 61 22 
RWS15 1988 11 7,192 16.4 87 62 2 <1 
 1989 15 484 1.2 36 12 13 3 
 1990 19 230 0.4 11 8 4 <2.5 
 1996 11 577 0.4 <1 0.5 6 6 
 2005 19 13,068 1.7 5 5 3 <1 
RWS16 1988 11 1,237 7.2 12 1 3 <1 
 1996 10 1,461 7.9 0 0 52 14 
 2005 9 2,397 10.2 0 0 43 4 
RWS17 1988 6 5,352 15.5 76 67 15 6 
 1989 14 6,256 20.7 57 14 8 2 
 1990 12 1,615 3.6 19 <1 4 <1 
 1996 8 4,549 1.8 8 7 13 2 
 2005 10 1,004 5.8 0 0 42 8 
 
The fish stocks of the River Eurajoki are monitored as part of mandatory research. In 
the electric fishing undertaken during 2002–2004, 10 fish species were found in River 
Eurajoki (Satakunnan kalatalouskeskus 2005). Most common species were perch (Perca 
fluviatilis), roach (Rutilus rutilus), stone loaches (Nemacheilus barbatulus) and bullhead 
(Cottus gobio). Young salmons (Salmo salar) were encountered in one of the rapids 
(Suutelankoski). The catch from electric fishing did not deviate significantly from the 
findings in earlier studies at the same locations. With the fish trap catches made during 
the 1990s (e.g., Räisänen and Mattila 2001), pike (Esox lucius), bream (Abramis 
brama), bleak (Alburnus alburnus), Crucian carp (Carassius carassius), European smelt 
(Osmerus eperlanus) and char (Salvelinus alpinus) have also been caught from the river, 
i.e., the fish fauna of the river has been variable from place to place. Stocking as 
practised on the river has influenced this variation.  
 
6.7  River Lapinjoki 
6.7.1  Geology and morphology 
The River Lapinjoki starts from a forest and mire-dominated area, and flows to the 
Bothnian Sea near Olkiluoto. There are several moderate-sized water bodies in the 
Lapinjoki River basin, for example, lakes Narvijärvi and Koskeljärvi. In addition, the 
River Lapinjoki runs through some very shallow lakes such as lakes Saarnijärvi and 
Kinnalanjärvi that have probably functioned as sediment sinks in the earlier history of 
the river basin. Altogether, the lakes cover approximately 3% of the catchment area. Of 
the remaining part of the catchment, fields cover 19%. The other land uses and soil type 
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proportions in the catchment area are presented in Figure 6-5 in section 6.6.1. In terms 
of the EU Water Framework Directive the River Lapinjoki is classified as a medium-
size river running through mineral soil lands.  
 
According to the hydrological model, EULA, there was a bay at the mouth of the 
ancient River Lapinjoki about 2,000 years ago (Ojala et al. 2006, see Fig. 6-6 in section 
6.6.1). This bay could have been very similar to the present-day Eurajoensalmi bay, into 
which the River Eurajoki drains. According to the model, the ancient River Lapinjoki 
drained into this bay from the south or southeast. This bay became isolated and filled 
with sediments that were transported and deposited in the river for the last 500 years. As 
a consequence, the estuary of the ancient River Lapinjoki transferred approximately 5 
km toward the sea, i.e. into close proximity to the Olkiluoto Island.  
 
6.7.2   Hydrology and water quality 
The discharge of the River Lapinjoki is measured frequently in the middle parts of the 
river, in Ylinenkoski (RWS02, App. A, Fig. A-7). The average discharge of the river 
has been 3.3 m
3
/s during 1991–2005, whereas the maximum discharge (daily average) 
has been 27 m
3
/s. The discharge of River Lapinjoki has usually been highest in April 
(Fig. 6-12). However, in 2000–2008 average winter discharges have been higher than 
normal due to mild winters (part of precipitation occurs as rain instead of snow, and 
some of the snow melts already during winter).  As a consequence, there is a weaker 
snow melt flow occurring in April and the discharges have been lower than the long-
term average. The water of the river is used for industry and as drinking water in the 
town of Rauma. For these purposes, water can be drawn from the River Eurajoki to the 
River Lapinjoki in dry seasons. The river is regulated by the dam in Lapinkoski. In 
addition, the water levels of lakes Koskeljärvi and Narvijärvi are regulated. 
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Figure 6-12. Mean discharge of the River Lapinjoki in Ylinenkoski (RWS02), daily 
averages in 1971–2000 and 2000–2008. Data source:  Environmental information and 
spatial data service - OIVA portal, May 4, 2009. Monthly precipitation (2000–2008) 
has been  measured in Olkiluoto (WOM1, see App. A, Fig. A-1). 
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The water of the River Lapinjoki is brown and rich in humus and contains high levels of 
iron and organic matter (Fig. 6-13). As a consequence of acid sulphate soils and 
peatlands in the watershed, the pH of the water may occasionally be low. The 
differences in soil type in the watersheds of rivers Lapinjoki and Eurajoki are reflected  
in the water quality. In the River Lapinjoki, the nutrient concentrations and turbidity 
have been lower compared to the River Eurajoki (Table 6-4). Lower pH values and 
oxygen concentrations and higher colour values in the River Lapinjoki are indications 
of a higher proportion of peatlands compared with the River Eurajoki watershed. The 
general usability and ecological state of the River Lapinjoki has been classified as 
satisfactory by environmental authorities.  
 
Nutrient transport in the River Lapinjoki is mainly caused by diffuse-source loading 
(i.e., not from a fixed site like a factory, but from no particular location due to a 
widespread use of the substances). In the period 2000–2007, Lapinjoki carried on 
average 4.4 tonnes of phosphorus and 200 tonnes of nitrogen into the sea annually (Fig. 
6-14). Its phosphorus transport is on average one-fifth of that of the River Eurajoki, 
whereas nitrogen transport is one-third. This is probably attributable to the larger 
proportion of peatlands in the River Lapinjoki watershed (Kirkkala & Turkki 2005). 
 
6.7.3  Primary production 
 
Chlorophyll-a concentrations of the River Lapinjoki have been measured at two stations 
(RWS22 and RWS23, App. A, Fig. A-7) during summers. In the middle part of the river 
(RWS22), concentrations have been comparable with those of slightly eutrophicated 
lakes (<10 µg/L) most of the years. In the lower part of the river (RWS23), 
concentrations have been typical of slightly eutrophicated or eutrophicated lakes. 
 
6.7.4  Fauna  
No studies on fauna living in and around the River Lapinjoki are known. Some otters 
(Lutra lutra) have been observed. 
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Figure 6-13. The water quality of River Lapinjoki in upper (RWS21) and lower 
(RWS23) parts of the river in 1986–2007. Data source:  Environmental information and 
spatial data service - OIVA portal, May 4, 2009. 
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Figure 6-14. Phosphorus and nitrogen loads (t/y) of the River Lapinjoki and mean 
discharge (blue line) at Ylisenkoski (RWS02) in 1980–2008. Data source:  
Environmental information and spatial data service - OIVA portal, May 4, 2009. 
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Figure 6-15. Chlorophyll-a concentrations of the River Lapinjoki at stations RWS22 
and RWS23 during July-August in 1992–2007. Data source: Environmental information 
and spatial data service - OIVA portal, May 4, 2009. 
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6.8  Small water bodies 
Small water bodies are mainly head waters: springs, streams, trickles and ponds/small 
lakes (Ahponen 2008).  
 A spring is a point where groundwater flows out from the ground. When water 
comes from the ground it may form a pool or flow downhill in surface streams. 
In that case a spring is sometimes called a seep. A seep is a wet place where a 
liquid, usually groundwater, has oozed from the ground to the surface. Seeps are 
usually not flowing, with the liquid sourced only from the underground. 
 The trickles (emphemeral streams) and streams are located in the head areas of 
the catchments. They start from springs, small ponds or bogs. A trickle is a small 
water channel, where the flow may be zero during dry seasons. The catchment 
area of the trickle is under 10 km
2
. A stream has a larger and a more continuous 
flow than a trickle and its catchment area is between 10 and 100 km
2
. 
 A pond is a body of water smaller than a lake. The area of ponds are 10 hectares 
at most, and the area of small lakes 10 to 1,000 hectares. The characteristics of 
ponds and small lakes depend on the location and the soil and bedrock properties 
(forest ponds, esker ponds, bog ponds, ponds on bedrock outcrops).  
 Flads and glos are also included in small water bodies. A flad is an inlet 
separating from the sea due to land uplift, but with a connection to the sea 
(Section 7.4). A flad is usually very shallow. The glo will be formed when the 
connection to the sea closes and seawater flows to the pond only at high water 
levels. As the land uplift proceeds, some small glos will transform into treeless 
mires. 
 
The future small water bodies are very significant ecosystems, because they are 
potential transmission routes for radioactive substances released from the repository. 
Due to the small amounts of water they contain, these water bodies are very sensitive to 
environmental changes. 
 
6. 8.1  General properties 
When the groundwater flows out of the ground, and forms springs, many minerals may 
be dissolved in the water. The concentration of different substances depends on the 
geological materials through which the water has passed.  
 
Many springs maintain the water flow in brooks and trickles and different substances 
may be transported downstream and to other ecosystems. The water quality of the 
natural trickles and brooks depend on the soils of their catchments.  
 
The soil properties affect the water quality of the ponds and small lakes: ponds within 
mires are brown-watered, those in clay areas are rich in nutrients and cloudy, and those 
in esker areas clear. In flads, the salinity is usually the same as the salinity of the 
seawater.  
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6.8.2  Springs 
A spring, the emergence of groundwater or perched groundwater at the land surface, is 
usually a clearly defined point. Springs usually arise in larger, ill-defined areas that 
contain, in addition to the open spring pools and discharge areas, spring-type brooks and 
ooze zones (Ulvinen 1955). Most of the springs are likely related to surficial 
groundwater circulation, but also deeper groundwater flow, e.g. from repository 
volume, can reach the surface through a spring.  
 
Groundwaters close to surface and thus having a shorter residence time contain less 
dissolved elements than deep bedrock groundwaters. As well, the high proportion of 
fines in soil increases the amounts of total dissolved solids. If the groundwater aquifer is 
overlain by poorly permeable clays, the amounts of dissolved elements (especially iron 
and manganese in reducing conditions) increase significantly, almost to double. The 
closeness of sea is reflected in higher sulphate and chloride concentrations in spring 
waters (Lahermo et al. 2002). 
 
Kuusisto (1988) has divided springs according to their type of discharge; to 
brooks/streams, puddle and quagmire springs. Eurola et al. (1995) has classified springs 
according to their biological features, mainly according to mosses and vascular plants. 
The mosses are important especially when identifying the ooze zones, because springs 
can be identified by the flora specific to them, when no clear groundwater exists. The 
chemical parameters in spring classification are mainly pH, electric conductivity and 
amounts of the main nutrients (Sankari 2003).  
 
The Geological Survey of Finland has undertaken a nationwide campaign to collect 
spring waters in 1999 (Lahermo et al. 1999). The location of these springs is shown in 
App. A, Fig. A-8. In addition, Posiva has continued the spring water monitoring of the 
preliminary site investigations in 1989 and 1994 (Kaukelinpieli and Pistola) during the 
spring and autumn of 2008, and samples were now taken also from the spring Koivukari 
(Fig. 6-16; Tuominen 1994, Snellman 1995, Haapanen 2009).  
 
The main results of both research programmes are presented in Table 6-9 for the 
Reference Area. The amount of analysed parameters in 2008 was much larger than 
earlier including pH, electric conductivity, alkalinity, DOC, total N, main anions and 
cations and heavy metals. DOC varied from 3.7 to 3.5 mg/L and total carbon from 0.11 
to 0.85 mg/L. PO4, NO3, NH4 and main heavy metal concentrations were low or below 
the detection limits.   
 
TDS expresses the total amount of dissolved solids in the groundwater, except the 
chloride, which is one of the most mobile and conservative elements, and does not react 
with solid and solute elements (Lahermo et al. 1996). In the spring of Kaukenpieli, TDS 
was 203 mg/l and in Pistola it was 124–203 mg/l in 1989 and 1994, thus characterising 
these as fresh waters (Davis 1964). TDS has not been determined from the springs 
surveyed by Posiva in 2008 and by the Geological Survey of Finland.  
 
Results for the spring waters do not suggest any influence from deep saline or brackish 
groundwaters. Rather, the majority of the spring water concentrations correspond to the 
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monitored values determined from the shallow groundwater tubes and boreholes at 
Olkiluoto (Pitkänen et al. 2008).  
Information on anthropogenic effects on springs is relatively scarce (Heino et al. 2005). 
The most important factors are settlement/infrastructure, agriculture and traffic. All 
three springs in Posiva's monitoring programme have been managed at least by building 
a support for water taking (concrete ring or a wooden collar and a lid).  
Springs and spring areas are enshrined by an amendment to the Finnish Water Act 
(January 1, 1997) so that their natural stage must be preserved. The special 
characteristics of springs support several rare plant species. The water is generally poor 
in nutrients. However, due to the continuous input of new water, a sufficient supply is 
generally available for the plants. The temperature stays relatively constant throughout 
the year. In addition, low mean temperature, lack of frost, good oxygen conditions and 
shadowy locations create suitable habitats for species such as Carex paniculata, 
Cardamine amara, Chrysosplenium alternifolium and Matteuccia struthiopteris 
(Stenberg 1989). The moss species composition is dependent on the properties of 
bedrock and overburden.   
 
Some rare species may be found in large springs, such as amphipods (shrimp-like 
crustaceans), which have survived as relicts for thousands of years. More common are 
various insects and small amphipods, such as caddish flies (Trichoptera), water fleas 
(Cladocera) and larvae of non-biting midges (Chironomidae; Räike 1994). 
 
 
 
 
Figure 6-16. A spring monitored by Posiva Oy in Luvia, Koivukari (TMA07). Photo by 
Ari Ikonen/Posiva Oy, February 2008. 
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Table 6-9. Chemical properties of spring waters in the Reference Area. Table is based 
on chemical analysis data of 77 springs surveyed by GSF in 1978–1999 (spring water 
database by the Geological Survey of Finland; Lahermo et al. 1999) and monitoring 
data of Posiva (Tuominen 1994, Snellman 1995, Haapanen 2009). 
 
Property Values Notes 
Electric 
conductivity 
(EC), mS/m 
 
Pistola 8.7–17  
Kaukenpieli 10.3–25  
Koivukari 8.8–2.8 
Reference Area  2.40–25.2 
(majority 5–15) 
In Finland, the highest EC values in spring waters are in the coastal 
areas, where clay and clay till soils are common with abundant 
amounts of chloride, micas and in some areas sulphide. The highest 
EC-value (25.2 mS/m) was in the spring in Eurajoki. Lower values are 
generally found where bedrock consists of Satakunta Rapakivi granite.   
pH Pistola 6.1–6.6 
Kaukenpieli 5.9–6.3 
Koivukari 6.5 (spring and 
autumn 2008) 
Reference Area  3.4–7.6 
(majority 5.5–6.5) 
In sandy esker areas, near-neutral pH values (> 6.5) were found. 
Springs with low pH values (< 5.5) are located commonly in coarse-
grained till soils, especially in the Laitila Rapakivi granite area. The 
spring with the minimum pH value (3.4) is located near the 
ombrotrophic Kontolanrahka bog (see Section. 4.2.1). 
Calsium (Ca), 
mg/L 
Pistola 13–20 
Kaukenpieli 12–20  
Koivukari 9.7–17  
Reference Area 0.5–32 
(majority <20) 
The calcium concentration of the spring waters follows clearly the 
pattern of pH values. The highest calcium concentration (34 mg/L) 
was in the spring located in Eurajoki. Other high concentrations were 
found along the esker chain. Lower Ca concentrations were 
associated with the Rapakivi granite and granitoid areas, where the 
bedrock is poor in Ca. The lowest value (0.5 mg/L) is located near the 
ombrotrophic Kontolanrahka bog. 
Chloride (Cl), 
mg/L 
Pistola 2.6–5.8 
Kaukenpieli 2.3–3.5 
Koivukari 2.6–2.8. 
Reference Area 1–41 
(majority <3) 
The chloride concentrations follow the pattern of EC values. Springs 
with Cl concentration of 3–10 mg/L are generally located along the 
esker chain. The spring with the highest Cl and EC values is located 
near a small road and could be affected by road salting. The lowest Cl 
concentrations were at granite bedrock areas and the lowest value (1 
mg/L) was located at the spring near the Kontolanrahka bog. Chloride  
originates from sea water and moves via air to land. At the SW coast, 
chloride is released from the ancient Litorina Sea bottom sediments. 
Chloride also originates from anthropogenic sources. 
Sulphate 
(SO4), mg/L 
 
Pistola 2.5–7.3 
Kaukenpieli 3.1–3.5 
Koivukari 4.4–6.1 
Reference Area 0.40–23.0  
(majority 7–10) 
Springs with higher SO4 concentrations (10–25 mg/L) are located in till 
soils around the town of Pori. The maximum concentration (35.4 mg/L) 
was in the spring water at Eurajoki. In the coastal areas, one reason 
for higher sulphate concentrations is the presence of sulphur-rich 
clays, which deposited at the bottom of the Ancylus Lake/Litorina Sea. 
The spring with the lowest sulphate value (0.4 mg/L) is located near 
the Kontolanrahka bog. 
 
6.8.3  Streams and trickles 
Finnish stream waters contain quite small amounts of dissolved solids, but they 
typically have high humus and iron concentrations. There is clear difference in stream 
water quality between clay-rich coastal areas and other parts of Finland: in the coastal 
areas, stream waters can contain five to ten times more dissolved solids (Lahermo et al. 
1996). 
 
Stream water quality and element interdependency are determined by the catchment 
area properties, for example, topography, bedrock and Quaternary sediment 
characteristics, hydrology, vegetation and anthropogenic factors (e.g. Lepistö & Seuna 
1990, Lepistö 1996). Isotopic studies have shown that 70–90% of the surface waters 
come from within 10–20 m of the stream (Kullberg et al. 1993), thus reflecting the 
characteristics of the immediately surrounding environment. The stream waters within 
the Reference Area (see Fig. 1-5) are described briefly in Table 5-19. 
 
The primary production of stream ecosystems is minor and the nutrients originating 
from the catchment area are thus very important. Due to well-oxygenated conditions, 
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oxygen-demanding species are typical in the brooks. Many moss and algae species 
attach themselves to the boulders and gravel of rapids. (Räike 1994). 
 
Stream flora forms suitable habitats for different bottom fauna species. These in turn 
play an important role in the flowing water system: they clean the habitat and bind 
nutrients when feeding on algae and decomposing organic detritus. Furthermore, bottom 
fauna is a food source for fish and some mammals such as otter (Lutra lutra). The 
streams and trickles are important migration pathways for, for example, fish and 
crayfish. From the human point of view, important species are, for example, brown trout 
(Salmo trutta m. fario), river lamprey (Lampetra fluviatilis) and crayfish (Astacus 
astacus). The shadowy shoreline forests are special habitats. (Räike 1994, Aulaskari et 
al. 2008). 
 
 
 
Figure 6-17. A stream flowing next to monitoring plot FIP10 in an old spruce forest at 
Olkiluoto. Photo by Ari Ikonen/Posiva Oy, May 2007. 
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Table 6-10. Chemical properties of stream waters in the Reference Area. Data from the 
Geological Survey of Finland and Lahermo et al. (1996).  
 
Property Values within the Reference Area 
Electric conductivity 
(EC) 
 
EC varied from 2.3 to 180 mS/m (majority 5–20 mS/m). Values of over 30 mS/m were 
found by the coast. High ECs are found on clay soils, lower on sandy soils. Bedrock 
properties affect values: sulpihide ore supports high values and granitoids low. 
pH pH varied from 3.5 to 6.9 (majority 5.5–6.5). The maximum pH value was found in an area 
with carbonate and dolomite rock and clay deposits. 
Water colour Water colour varied from 10 to 500 mg Pt/L (majority 50–200 mg Pt/L). The highest colour 
values were located in the catchment areas with abundant peat soils. The colour value 
expresses the amount of solute and colloidal organic matter. The value varies between 
seasons due to flooding and surface runoff.  
Chloride (Cl) Cl concentrations varied from 1.1 to 115 mg/L (majority 3–15 mg/L). Cl concentration 
follows closely the pattern of EC. The highest values were thus found at the SW coast. The 
high chloride concentrations in the coastal areas are due to chloride-rich Litorina Sea 
sediments. Another cause for high values is wintertime road salting with NaCl.  
Sulphate (SO4) 
 
Sulphate concentrations varied from 0.2 to 60.5 mg/L. The highest concentrations were 
located in the coastal area, however the minimum concentration was found there as well. 
The highest sulphate concentrations generally originate from the Litorina Sea sediments.  
 
 
6.8.4  Ponds 
The characteristics of ponds and small lakes depend on the location and the soil and 
bedrock properties (forest ponds, esker ponds, bog ponds, cliff ponds). The soil 
properties affect the water quality of the ponds and small lakes: brown-coloured water 
in bog ponds, nutrient-rich and turbid in ponds situated in clay soils and clear water in 
eskers. (Ahponen 2008, Räike 1994). 
 
The composition of flora in ponds (and lakes) is affected by soil type, depth, water 
quality, cloudiness, temperature, light conditions, degree of wave action and water-level 
fluctuations. Typical of mesotrophic and eutrophic ponds (and lakes) are, for example, 
cat-tail flags (Typha sp.), duckweeds (Lemna sp.), water plantain (Alisma plantago-
aquatica) and frogbit (Hydrocharis morsus-ranae). Nutrient poor waters support, for 
example, water lobelia (Lobelia dortmanna), alternate water-milfoil (Myriophyllum 
alterniflorum) and Sparganium minimum. Water lobelia and Isoetes sp. are typical in 
the esker ponds. Water lilies, pondweeds and bur-reeds are found in the forest and bog 
ponds. Species diversity is greatest in clear-watered mesotrophic and eutrophic waters 
and least in oligotrophic waters with high humus content. (Ahponen 2008, Räike 1994). 
 
Forest ponds and nutrient-rich ponds are important living habitats for invertebrates, and 
regeneration habitats for frogs. Fish, such as perch (Perca fluviatilis), burbot (Lota 
lota), pike (Esox lucius), Crucian carp (Carassius carassius), ruffe (Acerina cernua) 
and roach (Rutilus rutilus) are present. Furthermore, birds use these surroundings for 
nesting and resting. (Ahponen 2008, Räike 1994). 
 
There are small ponds in the tip of the Ulkopää headland in Olkiluoto, small enough not 
to be included in the standard base map or visible in the aerial photos. The ponds are 
located near the sea-shore (50–100 m) and are surrounded by trees (Fig. 6-18). The 
characteristics of these ponds will be studied later. 
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Figure 6-18. Ponds at the western end of Olkiluoto, Ulkopäänniemi. Topographic 
database by the National Land Survey of Finland. Photos and map layout by Jani 
Helin/Posiva Oy. 
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7  SEA ENVIRONMENT  
The sea around Olkiluoto is presented in this chapter. After the introduction, three 
different types of sea areas are looked at more closely: open and semi-enclosed sea 
areas, enclosed sea areas and flads. Majority of the results are based on the mandatory 
monitoring carried out by TVO. Sea bottom sediment mappings (Rantataro 2001, 2002, 
Rantataro & Kaskela 2009), topographical modelling (Pohjola et al. 2009), one diving 
investigation (Ilmarinen et al. 2009) and sea water quality mapping (Lindfors et al. 
2008) have, however, been commissioned by Posiva Oy. Modelling of water flows has 
been carried out by both companies.   
 
7.1  Common properties 
7.1.1  General description of the ecosystems 
The waters around Olkiluoto Island are shallow, except for a few areas where sea depths 
reach about 15 m. There is more open and deeper sea beyond the few rocky islets about 
4 km from the western end of the island and there are only a few islands to the north 
(Figure 7-1). The Rauma Archipelago lies to the south. Due to the openness to the sea, 
the wind strongly affects water currents in the area (Posiva 2003a). 
 
Two regionally large rivers, Lapinjoki and Eurajoki, discharge to the sea north and east 
of Olkiluoto, increasing the concentrations of nutrients and solids especially at the river 
mouths. The average outflow of River Eurajoki is 6–12 m3/s, being about 2.5 times of 
that of River Lapinjoki (Environmental information and spatial data service - OIVA 
portal, May 4, 2009). The cooling water intake and discharge of the nuclear power 
plant, 60 m³/s, significantly affect the temperature and the currents only in their close 
vicinity. Other factors affecting the water quality and biological production in the 
Olkiluoto area are the general state of the coastal waters of the Bothnian Sea and the 
local wastewater load. 
 
For a description of the main sea basins and characteristic areas offshore Olkiluoto, Sea 
Areas presented in Figures 7-1 and 7-2 were delineated through expert judgement using 
an approximate scale of 1:20,000 with help of bathymetry and the sea current modelling 
of Lauri (2008), supported also by results of a single-day water quality survey (Lindfors 
et al. 2008).  The border between areas 18 (Eurajoensalmi Bay) and 20 (its extension 
towards outer sea area) is not very clear, though, but can move about 1 km in both 
directions over a year as a result of the change in flow conditions (strength of river 
outflow from the east combined with wind direction and strength). For the structure of 
the detailed description below in the following sections, the sea areas were further 
classified into open, semi-enclosed and enclosed based on their abovementioned basic 
characteristics and interpretation of the monitoring results. On the semi-enclosed areas, 
there are monitoring data only from Olkiluodonvesi (Sea Area no. 13), and only from 
Haapasaarenvesi (3) of the enclosed ones – except for a diving transect in Katavavesi 
(17). These, as well as the data for the open sea areas, will be discussed in detail in 
sections 7.2 and 7.3, following the general description. In addition, few flads were 
identified from the biosphere modelling area; see Section 7.4. 
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Figure 7-1. Bathymetry of the sea area off Olkiluoto, sea environment monitoring 
points and boundaries interpreted for Sea Areas (see numbering in Figure 7-2). Names 
of some of the smaller Sea Areas are shown in numbers, see the legend. Data is from 
topographic database by the National Land Survey of Finland and Pohjola et al. 
(2009). Map layout by Jani Helin /Posiva Oy.  
 
 
 
Figure 7-2. Sea Areas (main basins) and their types interpreted on basis of bathymetry 
and sea current modelling. The sea environment monitoring points are also presented. 
Data is from topographic database by the National Land Survey of Finland. Map layout 
by Jani Helin /Posiva Oy. 
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Figure 7-3. Marine habitat types in Olkiluoto offshore. Seafloor classification is based 
on topographic database by the National Land Survey of Finland, Pohjola et al. (2009), 
Rantataro (2001), Rantataro & Kaskela (2009), Al-Hamdani et al. (2007), and 
illumination on Environmental information and spatial data service - OIVA portal, May 
4, 2009. Map layout by Jani Helin /Posiva Oy. 
 
The sea basins, or the Sea Areas, can be further divided into bottom habitat types (Fig. 
7-3). Given the lack of more detailed survey results, the habitats of soft and hard 
bottoms and average illumination conditions were identified by combining water depth 
data and surface sediment maps (Section 7.1.2). The threshold between dark and   
illuminated bottoms was two times the average Secchi depth (as assumed also by 
Lindfors et al. 2008), which was interpolated from the averages in July–August 1980–
2008 at the sea environment monitoring points. The work will be refined in the future 
and connected to the interpretation of sea bottom transect studies (e.g., Ilmarinen et al. 
2009; Chapter 5) in order to describe the typical flora and fauna in the habitats and 
subsequent modelling of the species distribution and biomasses (cf. Chapter 10).  
 
7.1.2  Geology 
The geological characteristics of the seafloor offshore and at the shoreline of Olkiluoto 
Island have been mapped by acoustic-seismic soundings in 2000, 2001 and 2008 
(Rantataro 2001, 2002, Rantataro & Kaskela 2009; Figures 7-4 to 7-6). The area of 
acoustic seismic soundings in 2000 covered about 150 km
2
 (Rantataro 2002) and 
additional sounding lines in 2008 covered roughly 160 km
2
 (Rantataro & Kaskela 
2009). The studies covered the quality and thickness of the unconsolidated sediment 
layer and the topography of the rock surface (e.g., Fig. 7-5), including differentiating the 
Precambrian rock basement from areas of Jotnian sandstone. In 2008, surface sediment 
cores were also taken for further analyses. In addition to acoustic-seismic soundings, a 
marine landscape dataset produced in Balance project (Al-Hamandani et al. 2007) was 
used in Figures 7-3 and 7-6 in the Sea Areas not covered by acoustic-seismic data. 
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The overall impression is that the sedimentary rock has followed the topography of the 
basement surface, which has resulted in a more gently undulating general topography. 
The sedimentary rock area (Fig. 7-4) continues from the Satakunta sedimentary rock 
area where it is met also on the ground surface (Lehtinen et al. 1998). However, at a 
distance of 15 km west of Olkiluoto, the sedimentary rock area is still not completely 
homogeneous; rather the area is fragmented and is evidently located mostly in bedrock 
depressions (Rantataro & Kaskela 2009; Figure 7-5). The surface of the Precambrian 
bedrock undulates, but the basins and depressions have been filled with Quaternary 
sediments, especially with till, mixed glacio-lacustrine sediments and Ancylus clay 
during the different Baltic Sea stages, resulting in smoother topography (cf. lower part 
of Fig. 7-5). 
 
Sea floor deposits 
 
Surveys indicate that the dominant trend in the sea floor is the gently dipping northwest-
southeast structure, which is clearly observable in the sediment pattern (Fig. 7-4). The 
geological units distinguished from the acoustic seismic profiles (e.g., Fig. 7-5) are 
Precambrian rock and Jotnian sandstone; till; glacio-aquatic mixed sediment; glacial 
clay (silt); Ancylus sulphate clay; Litorina clay/mud; sand and gravel; washed sand 
layers; recent mud; and gaseous “bubble pulse” effect sediments (Rantataro & Kaskela 
2009).  
Figure 7-4. Marine geological map, showing the Quaternary sediments and rock 
basement (Precambrian basement and sedimentary rocks) of the sea floor in the 
Olkiluoto area (Rantataro 2001, Rantataro & Kaskela 2009), as well as sediment 
coring points of the 2008 survey. The blue lines show the locations of the profiles in 
Figures 7-5 and 7-32. Map layout by Jani Helin/Posiva Oy. 
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Out of these units, acoustic-seismic method cannot distinguish the boundary surface 
between the basement and sedimentary rock. Glacio-aquatic mixed sediments are 
interpreted as material deposited near glacier and cannot be classified with the acoustic-
seismic equipment used (Rantataro & Kaskela 2009).  The Ancylus Lake clays are 
heterogeneous; in the bottom there are varved clays, which are deposited in the vicinity 
of the edges of a retreating glacier. When ice retreated further, and the amount of melt 
waters decreased, homogeneous clays were deposited. At the same time, the organic 
matter content increased and clay became sulphide-rich, indicating anoxic conditions in 
the sea bottom. At the end of the Ancylus Lake phase (8,000–8,500 years ago; Salonen 
et al. 2002), stratified clay became homogenous and sulphide-poor. The change to 
Litorina Sea phase is found in a sharp contact, in organic-rich, fine-stratified Litorina 
clay (Taipale & Saarnisto 1991). Due to the amount of sedimented and intact organic 
material, Litorina clays are gyttja clays in which there has often been gas formation. The 
recent mud is currently being deposited and is rich in intact organic and mineral matters. 
Typical of the whole research area is a varying amount of erosional residual sand, which 
occurs both as a usually thin layer on the surface of the sediments and within them 
(Rantataro & Kaskela 2009).  
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Figure 7-5. Stratigraphy of sediment layers on the Precambrian bedrock or the Jotnian 
sandstone based on acoustic-seismic sounding (data from Rantataro 2001, Rantataro & 
Kaskela 2009), see the locations in Figure 7-4. The profiles are viewed from their 
western side. There is significantly more water above the upper one; note also the 
vertical exaggeration. Thickness of the sandstone layer is unknown due to the survey 
method. 
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Open and semi-enclosed sea areas 
Area 11
(Bothnian Sea near Olkiluoto)
Rock Till Gravel/sand Clays Uncharted
Area 10
Rock Till Gravel/sand Clays Uncharted
Area 13
(Olkiluodonvesi)
Rock Till Gravel/sand Clays Uncharted
 
Area 20
Rock Till Gravel/sand Clays
Area 18
(Eurajoensalmi Bay)
Rock Till Gravel/sand Clays Uncharted
 
Enclosed sea areas 
Area 3
(Haapasaarenvesi)
Rock Till Gravel/sand Clays Uncharted
Area 15
(Syöpävesi Bay)
Rock Till Gravel/sand Clays Uncharted
Area 14
(Karhunkarinrauma)
Rock Till Gravel/sand Clays Uncharted
Area 17
(Katavavesi-Rumminperä)
Rock Till Gravel/sand Clays Uncharted
 
Legend 
Area 10
Rock Till Gravel/sand Clays Uncharted  
 
Figure 7-6. Distribution of surface sediment classes in the Sea Areas of Figure 7-2 
based on data by Rantataro (2001), Al-Hamdani et al. (2007), Rantataro & Kaskela 
(2009). 
 
Near the shoreline, the seafloor deposits present a very different character west of 
Olkiluoto Island than the rest of the shoreline (Figure 7-4). The former areas are 
covered by till about 35–45%, bedrock about 30–40% and various clay/mud about 15–
25%. Active sedimentation is prevalent in other parts in the shallow water at Olkiluoto 
(Rantataro & Kaskela 2009): the recent post-glacial mud/clay cover is about 60–80% of 
the seafloor in the sheltered near shore basins and in inner archipelago. Till, bedrock as 
well as glacial or Ancylus clay and Litorina mud are covering typically only very 
shallow shoal or straits with currents. The sea area surroundings of Olkiluoto have an 
extensive area of gaseous, acoustically “bubbling” sediments (Rantataro & Kaskela 
2009). The distribution of the surface sediment classes in the Sea Areas delineated 
above is presented in Figure 7-6. 
 
On the southern and southwestern side of Olkiluoto, between the islands of Pask-Aikko 
and Lippo as well as between island Nousiainen and Olkiluoto plant (eastern end of Sea 
Area 10 and western edge of area 13, Figures 7-2 and 7-5), there are areas that are 
difficult to interpret (Rantataro & Kaskela 2009). In the echo sounder and seismic 
sounder profiles, the sediments of the areas either contain gas that originates from the 
188 
 
breakdown of organic materials or the acoustic structure of the clay or gyttja sediments 
which has been disrupted, e.g. as a consequence of gas or water migration from depth.  
 
Five transects (see App. A, Fig. A-9) were studied in the summer of 2008, providing 
new information on variation and continuity of physical and geochemical properties of 
surface sediments, as well as on flora and fauna. Along the five lines, 57 surface 
sediment samples were taken by diving at 50-m intervals and divided into 0–5 cm, 5–20 
cm and 20–50 cm layers. The results of the sediment types, phytobenthos and bottom 
fauna investigations are reported in Ilmarinen et al. (2009), and the geochemical 
analyses of the surface sea sediments will be reported later.  
 
In 2008, surface sediment samples were taken also from offshore Olkiluoto (Figure 7-
4). Selection of sampling locations based on existing data (Rantataro 2001, 2002) and 
echo sounding profiles surveyed during the cruise. Soft surface sediments were sampled 
in ten locations with a GEMAX-twin-barrel gravity corer and harder substrates, for 
example, sandy surface sediments, were sampled in three locations with a Box corer. 
The cores were photographed and documented onboard, and divided into 1-cm-thick 
sub-samples. From the Box corer only the upper surface sediment (0–2 cm) was sub-
sampled. Altogether 251 sub-samples were collected (Kotilainen et al. 2008). The 
results of the geochemical analyses will be reported later when they have been 
completed.  
 
Accumulation of sediments 
 
The annual accumulation rate of sediment varies due to the currents, bottom topography 
and primary production. In the Baltic Sea, the sedimentary environment has changed 
from detritus-rich sediments in the past to more organic-rich sediments in recent times, 
partly due to increased eutrophication, which has also influenced the distribution of 
nutrients and toxic substances in the sediments (Schernewski & Wielgat 2004). 
 
The Finnish Institute of Radiation protection carried out sedimentation measurements 
around Olkiluoto during 1978–1983 (STL 1980, 1982a, 1982b, 1984). The 
sedimentation rates were studied at different depths, at varying dates. The sedimentation 
rates were clearly lower during the spring–summer periods than in the autumns. The 
rate was somewhat higher in the sampling sites of the inlet of Eurajoensalmi Bay 
(SEA03 in Figure 7-1) and in Eurajoensalmi Bay (SEA15, App. A, Fig. A-9) than in 
southwest from Olkiluoto (SEA12, App. A, Fig. A-9). The median values were found to 
be 6–10 g/m2/day (2.2–3.7 kg/m2/y), maximum values were about 30 g/m2/day (10 
kg/m
2
/y) and minimum around 2 g/m
2
/day (0.8 kg/m
2
/y).  
 
Reported sedimentation rate data from the latest decades are lacking, except the study of 
Mattila et al. (2006). They studied the average bulk sediment accumulation rate (SAR) 
at 69 stations and in 99 cores from the Baltic Sea during 1995–2003. SAR values varied 
widely, being between 0.6 and 6 kg/m
2
/y. The highest values were observed in the 
northern part of the Bothnian Sea, river estuaries and in the eastern part of the Gulf of 
Finland. In the Bothnian Sea, the median SAR values were two, three and seven times 
higher than at the stations in the Bothnian Bay, Gulf of Finland and Baltic Proper, 
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respectively. Near Olkiluoto (SEA18 in Fig. 7-1), a value of 1.81 kg/m
2
/y was estimated 
(Mattila et al. 2006).   
 
Radionuclides in bottom sediments 
 
Radionuclide concentrations have been measured from sea bottom sediment samples 
within the nuclear power plant monitoring programme, and summarised by Ikonen 
(2003), Roivainen (2005) and Haapanen (2005-2009). Some older data have been 
reported in STL (1977). Of the key nuclides or elements (Section 1.3), the results show 
data on caesium (Cs-137, Cs-134) and Sr-90, and also single observations of Sb-125 
and Nb-95 without clearly related concentration data on seawater. It might be possible 
to calculate some partition coefficients (Kd) for caesium and strontium using heavy 
assumptions. However, seawater has not necessarily been sampled at the same time or 
even from a nearby location. Although not directly applicable in the biosphere 
assessment, these data contribute to the radionuclide baseline of the spent nuclear fuel 
disposal. 
 
7.1.3  Hydrology and water quality 
Flow conditions at Olkiluoto offshore 
 
Flow conditions in the waters close to Olkiluoto have been modelled since the 1970s, to 
study the effects of cooling waters from the nuclear power plants on flow, temperature 
and ice conditions. These studies have used scale models and later 2D and 3D 
mathematical models, as well as direct flow measurements.  
 
Due to the paucity of islands, the flow conditions are strongly affected by winds, and 
because of the shallowness of the coast, differences in water density by salinity and 
temperature do not cause noteworthy water movements, as wind-induced mixing of 
water decreases stratification in the water mass (Peltonen & Huttula 1997). Only within 
some kilometres, the effect of wind is reduced by the cooling water flow of the nuclear 
power plant (e.g. Figure 7-7). Except for periods of spring peaks in the runoff, the effect 
of river discharge on water movements on coastal areas is also considered minor outside 
the Eurajoensalmi Bay. During typical southerly winds develops a northward current, 
following the shoreline (Figure 7-7).  
 
The cooling water from the nuclear power plant changes the flow conditions and 
increases the seawater temperature. Nuclear power plant takes the cooling water from 
the Olkiluodonvesi area (Sea Area 13 in Fig. 7-2) and discharges it in the sea area off 
Kaalonperä (Sea Area 10). At the present, the power plants consume a total of 5.2 
million m
3
/d of cooling water, which is six times the mean flow of the River Eurajoki, 
and causes a rise of 13.6°C in the cooling water temperature (Kirkkala & Turkki 2005, 
Turkki 2006).  
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Figure 7-7. Computed average flow of surface water in May 2003, a typical situation 
with southerly winds (Lauri 2008). 
 
Sedimentation conditions 
 
Fate of sediments transported by the rivers Eurajoki and Lapinjoki to offshore Olkiluoto 
was recently studied using a numerical 3D hydrodynamic model (Lauri 2008). The 
model was used to compute water flows in the sea area, after which the transport of 
sediments was computed utilising the generated flow data. The computation periods 
were 1 May–1 October 2003 and 1 May–30 July 2008. The year 2003 was selected, 
since its meteorological conditions were close to the averages over the latest decades, 
with no significantly dry or rainy periods. Futhermore, it was possible to partly use an 
earlier model created for purposes of the nuclear power plant. The year 2008 was 
modelled to support a surface-water quality survey (Lindfors et al. 2008) and the future 
interpretation of airborne hyperspectral scanning; both surveys were done in early July, 
2008. In early 2009, a similar type of modelling was commissioned to investigate 
seawater flow and sedimentation and nutrient conditions during 2004, evaluated to best 
represent typical sea conditions and river discharges. In this model, emphasis is put also 
on the nutrient loading coming from land areas and outside the model area. In the 
previous modelling also a four-meter and a seven-and-half-meter land rise scenario was 
simulated to support the biosphere assessment. In these scenarios the Eurajoensalmi 
Bay is assumed to transform into a narrow bay where both Eurajoki and Lapinjoki 
discharge. These results will be further discussed and utilised in further reporting of the 
biosphere assessment, and should be better taken into account in the next version of this 
report. 
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Sediment with rate of settling 10 cm/d         Sediment with rate of settling 100 cm/d 
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Figure 7-8. Computed accumulation of river sediment (g/m2) between May 1, 2003 and 
September 30, 2003 (Lauri 2008). The lower settling rate corresponds roughly to clay 
and the higher to fine silt. 
The computation results (Lauri 2008; Fig. 7-8) show that the heaviest sedimentation is 
achieved during the spring discharge peak in May. Mixing of the river water with 
seawater in Eurajoensalmi Bay decreases the concentration at the mouth of the bay 
efficiently. During July and August the suspended matter concentrations remained low 
due to small loading. The hydrodynamic model estimates that the clay sediments 
accumulate partly at the bottom of Eurajoensalmi Bay and the neutrally buoyant 
sediments are diluted to the waters in the Bothnian Sea (Fig. 7-8). Of these types, the 
concentrations of clay particles are lower; however, the overall pattern of the 
concentration is similar for both fractions. Behaviour of the silt fraction differs from the 
other two, since almost all the matter brought by the rivers accumulate in the 
Eurajoensalmi Bay area. 
 
From measurements during a one-day surface water quality survey offshore Olkiluoto in 
2008 (Lindfors et al. 2008), an estimate for sedimentation conditions was calculated 
based on the difference of measured electric conductivity/turbidity ratio to 
corresponding ratio modelled based on characteristics of the sea and river water types in 
the mixing area (Sea Areas 18 and 20 in Figure 7-2). In the situation of the survey day, 
heavy resuspension was found in the areas of highest sedimentation in the 
hydrodynamic model (Figure 7-8), whereas at the mouth of Eurajoensalmi Bay and to 
the west, actual sedimentation occurred (Lindfors et al. 2008). 
 
Temperature and ice conditions 
 
In the offshore areas of Olkiluoto, the strongest local environmental stressor is the heat 
load from the cooling water discharge of the nuclear power plant (Sea Area 10 in Figure 
7-2): the temperature of the seawater rises by about 13 degrees in the system (Kirkkala 
& Turkki 2005, Turkki 2006). The effect of cooling water can be seen most clearly in 
winter, when an unfrozen water area of a few square kilometres in size forms. Other 
changes in ice conditions occur, as well. The temperature in the discharge area in the 
Sea Area off Kaalonperä (Sea Area 10; monitoring point SEA08) is usually 5–7ºC 
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higher in the surface layer and 1–1.5 ºC higher in the deeper layers than those observed 
at the reference locations. Normally, and at other observation sites in the sea area off 
Olkiluoto, the water near the bottom is slightly warmer than the water at the surface in 
late winter, or the temperature differences between the layers are very small. 
 
The temperature of surface water around Olkiluoto was studied also during one day in 
summer 2008 using a through-flow mapping device (Lindfors et al. 2008). The 
temperature differed by 10 ºC between the cooling water discharge area and other areas. 
Elsewhere, normal differences between archipelago and open sea areas were observed: 
temperatures of the inner archipelago were approximately 4–5 ºC higher than those of 
the open sea.  
 
It has been estimated, that when the third reactor, now under construction, is taken into 
use, the area with over 1 °C temperature rise will double due to the increased total heat 
input (Teollisuuden Voima Oy 1999; Fig. 7-9). The same type of change may apply to 
the area staying free of ice during winter (Kirkkala & Turkki 2005; Fig. 7-10).  
 
 
Figure 7-9. The area affected by the cooling water from the Olkiluoto nuclear power 
plants OL1–OL3, with a wind direction of 210° and a speed of 2.4 m/s; water column 
1–2 m (conditions selected by modellers, not a long-time average for Olkiluoto). Data 
source: Teollisuuden voima Oy (1999). Map layout by Jani Helin/Posiva Oy.  
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Figure 7-10. Number of ice-covered days around Olkiluoto nuclear power plant during 
two typical winters based on simulation of sea currents and thermal balance on the 
water/ice surface, including possible snow cover. Preliminary results for environmental 
impact assessment of the planned fourth nuclear power unit, showing present-day 
situation with 2 nuclear power units; EIA Ltd/Teollisuuden Voima Oyj. Background 
map: topographic database by the National Land Survey of Finland. Map layout by Jani 
Helin/Posiva Oy.  
 
Oxygen saturation  
 
Oxygen saturation of seawater affects the nutrient concentrations in the near-bottom 
waters and influences the bottom fauna and fish communities. The oxygen conditions 
are affected, for example, by flow conditions, thermal stratification and the amount of 
degrading material in the bottom. In surface waters, oxygen levels may be increased by 
high plankton production during the growing season.  
The oxygen level in the waters near Olkiluoto has mainly remained good near the 
bottom (Fig. 7-11). In the early 2000s, the oxygen level at the bottom decreased 
especially in observation sites near the cooling water discharge area (Sea Area 10 in 
Figure 7-2). The oxygen level was at its worst at all observation sites after the summer 
of 2002. That summer was considerably warmer than normal, and during it residues of 
algae and plants accumulated in the depressions, consuming the limited oxygen 
resources as they degraded (Mattila 2003). After 2002, the average oxygen saturation 
during the open-water period at the bottom has been on the same level as before, but the 
variation between minimum and maximum values have increased (Fig. 7-11). In the 
Eurajoensalmi Bay (SEA09), the oxygen concentrations in recent summers have been 
lower than before 2002, due to the thermal stratification observed at the times of study.  
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Figure 7-11. Average, minimum and maximum values for oxygen saturation (%) near 
the bottom in waters off Olkiluoto during the open-water season in 1990–2008. The 
black stripes in the 2002-2008 bars show the minimum with the unusually warm year 
2002 excluded; the means and maxima would have remained about the same. Data 
source: database maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy.  
 
Nutrients 
 
The nutrient concentrations in the water in the sea area off Olkiluoto have been typical 
of the coastal waters of the Bothnian Sea. There have been relatively minor local 
variations in the nitrogen and phosphorus concentrations of the sea water, although 
flows, nutrients released from the coastal zone and to some extent the local wastewater 
load temporarily increased the concentrations in the cooling water discharge and intake 
areas (Sea Areas 10 and 13, respectively, in Figure 7-2). The state of the Eurajoensalmi 
Bay (Sea Area 18) is mainly determined by the water brought by the River Eurajoki, 
and there the amount of nutrients in sea water is usually higher than in other sea areas.  
There are no clear trends in the time series of nutrient concentrations during open-water 
period. In period 2000–2008, the summertime total phosphorus concentrations in the 
production layer have been at their highest in the early 2000s at several sites (Fig. 7-12). 
After the unusually warm summer of 2002, concentrations clearly decreased and have 
remained at the same level or even decreased further, as for example in Eurajoensalmi 
Bay (SEA09) and Olkiluodonvesi (SEA05). In addition, the nitrogen concentrations 
have been lower during the summers of 2006 and 2007 compared with those of the early 
2000s (Fig. 7-13).  
 
The wintertime concentrations of phosphorus increased significantly between 1980 and 
2002. After a drop in 2003, there again was a steady, rising trend until 2006. The 
following year, the concentrations dropped to the levels of the 1980s, but rose again in 
2008, being higher than ever during the monitored period, due to heavy precipitation 
resulting in high surface runoff and discharges. No similar trend is observed for 
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nitrogen. The wintertime nitrogen concentrations have clearly been highest in the 
Eurajoensalmi Bay (SEA09). 
 
In 2009, a hydrodynamic modelling was commissioned to simulate flow, sediment and 
nutrient conditions during 2004. In this model, emphasis is put also on the nutrient 
loading coming from land areas and outside the model area. The results will be 
available later.  
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Figure 7-12. Average, minimum and maximum phosphorus concentrations in the 
production layer in the waters near Olkiluoto for July–August in 1990–2008. Data 
source: database maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy.  
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Figure 7-13. Average, minimum and maximum nitrogen concentrations in the 
production layer in the waters near Olkiluoto for July–August in 1990–2008. Data 
source: database maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy.  
196 
 
Turbidity and suspended solids 
 
The rivers Eurajoki and Lapinjoki bring turbid waters to the Olkiluoto sea area 
especially during rainy periods, which is reflected in transparency and amount of 
suspended solids in the seawater. In addition, sediment resuspension (the return of the 
bottom material into the water column) affects water quality characteristics such as 
turbidity, light conditions, and concentrations of suspended solids and nutrients. In the 
sea area off Olkiluoto, resuspension has probably had the strongest effects on sea water 
quality in the Eurajoensalmi Bay and also in Olkiluodonvesi, which are shallow and 
exposed to winds. This was further supported by one-day measurements in 2008 
(Lindfors et al. 2008), as discussed above in the context of sedimentation conditions. 
 
Transparency of water is usually measured as Secchi depth, which is mainly affected by 
the amount of suspended solids and phytoplankton in water. In monitoring studies, 
Secchi depth is used to estimate the depth of the productive layer. In the study of 
Lindfors et al. (2008), the depth of the illuminated layer was estimated based on the 
attenuation of light received from the optical data gathered in Olkiluoto sea area during 
a day in the summer of 2008. At the time of the study, the depth of the illuminated layer 
varied between 1–8 m, corresponding to Secchi depths of 0.5–4 m. 
 
The concentrations of suspended solids have been highest, and subsequently the Secchi 
depths lowest, in the Eurajoensalmi Bay (Sea Area 18 in Figure 7-2; monitoring point 
SEA09), influenced by the rivers, and in the semi-enclosed Olkiluodonvesi (Sea Area 
13; SEA05), as reflected in Figures 7-14 and 7-15. At several observation sites, the 
summertime Secchi depths have been at their least in the late 1990s relative to the 
whole period 1990–2008. The Secchi depths have improved in recent years and reached 
values similar to those of the early 1990s. In the summers of 2007 and 2008, Secchi 
depths have been unusually high in the Eurajoensalmi Bay and at SEA10, the most open 
sea area among the monitoring points. However, during a mild winter in 2008, sea water 
was unusually turbid and the amount of suspended solids was high due to the high 
precipitation and runoff from catchment areas.  
The Secchi depth has varied in the latest years between approximately 3 and 5 m in the 
open sea (Sea Areas 10, 11 and 20 in Figure 7-2), except at point SEA08 (minimum  2.5 
m), and between about 2.2–4 m in the more affected areas (18 and 13; Eurajoensalmi 
Bay and Olkiluodonvesi, respectively). Lindfors et al. (2008), who included also 
shallower areas in their one-day study, estimated visible depths between 0.5–4 m.  
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Figure 7-14. Average, minimum and maximum Secchi depths in the waters near 
Olkiluoto for July–August in 1990–2008. Data source: database maintained by 
Lounais-Suomen vesi- ja ympäristötutkimus Oy.  
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Figure 7-15. Average, minimum and maximum values (1–5 m) for suspended solids in 
1990–2008. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy.  
 
Radionuclides in seawater and suspended matter 
 
Radionuclide concentrations in seawater have been measured within the nuclear power 
plant monitoring programme, and summarised by Ikonen (2003), Roivainen (2005) and 
Haapanen (2005–2009). A map of the present-day monitoring locations is shown in 
App. A, Fig. A-2. Of the key nuclides or elements (Section 1.3), observations cover 
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mainly Sr-90 and caesium (Cs-137, Cs-134) with occasional data on other nuclides. The 
Chernobyl fallout (e.g., I-131, Nb-95) was visible for a short period in the surface water 
and in most of the other aquatic sample types. Although they cannot be directly used in 
the biosphere assessment, the data contributes to the radionuclide baseline of the spent 
nuclear fuel disposal. 
 
The radionuclide monitoring covers also suspended matter in seawater. There, the two 
common isotopes of caesium, and usually also Sr-90, are met. Single observations of 
Nb-95, Sb-124 and Sb-125 have been made, without indisputably related data on 
seawater. The data could be used to derive estimates on the partition coefficient (Kd) 
between seawater and suspended matter, although the sampling and pretreatment 
methods might result in a bias, as they have not been designed to this purpose. These 
data are applicable to the disposal facility baseline, as well. 
 
7.1.4  Primary production 
Phytoplankton 
 
There has been an increase in the phytoplankton biomasses in the entire sea area off 
Olkiluoto, compared with the 1980s and 1990s. At measurement point SEA08 (Fig. 7-
2), the phytoplankton biomasses have more than doubled from 1985–89 to the 2000s 
due to mild winters and longer growing season (cf. Fig. 3-5) as well as a consequence of 
the eutrophication of the entire Bothnian Sea. Simultaneously, the differences between 
the sea area affected by the nuclear power plant cooling water discharge and the other 
monitoring points have decreased.  
 
In many years, the average phytoplankton biomass in summer has been highest in 
Olkiluodonvesi (Sea Area 13; SEA05). In addition, the proportion of blue-green algae 
has been highest there in comparison to the other sites. The dominant species among 
blue-green algae has mostly been Aphanizomenon sp. 
 
Chlorophyll-a 
 
Earlier, there have been relatively small temporal and spatial variations in the 
chlorophyll concentrations during the summers, whereas in late summer they have 
increased, especially in the 1990s. However, after the unusually warm year 2002, the 
chlorophyll concentrations have been lower than in the late 1990s and the early 2000s 
(Fig. 7-16). In Olkiluodonvesi area (Sea Area 13; monitoring point SEA05) and in the 
Eurajoensalmi Bay area (Sea Area 18; SEA09), chlorophyll concentrations have 
temporarily clearly exceeded the background values. The large-scale spatial variation of 
the concentrations during a single day was revealed in the study of Lindfors et al. 
(2008) in the Olkiluoto and surrounding sea area (Fig. 7-17). In that study, chlorophyll 
concentrations were highest in the Eurajoensalmi Bay and in Haapasaarenvesi.  
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Figure 7-16. Average, minimum and maximum chlorophyll-a concentration in the 
production layer in late summer in 1990-2008. Data source: database maintained by 
Lounais-Suomen vesi- ja ympäristötutkimus Oy.  
 
 
 
 
Figure 7-17. Concentration of chlorophyll-a modelled based on one-day survey in July 
3, 2008 (Lindfors et al. 2008). Approximately 20,000 measurement points are located 
along the survey route shown in thin lines. Background map: topographic database by 
the National Land Survey of Finland. Map layout by Jani Helin/Posiva Oy. 
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Figure 7-18. Average concentrations of total organic carbon (mean ± standard 
deviation; mg/L) in April–September 2007 and 2008. Number of samples is shown 
below the bars. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
 
Organic carbon 
 
Carbon is found in water in the dissolved form of inorganic carbon and organic 
compounds, and in various particles. The spatial and temporal variation in the 
concentration of inorganic carbon in water is connected with the activity of organisms 
in water. Total organic carbon (TOC) analyses were added to the monitoring 
programme of the Olkiluoto sea area in spring 2007, and it has been measured from the 
production layer at all stations throughout the growing season. There were no major 
differences between 2007 and 2008 in TOC concentrations (Fig. 7-18). In both years 
concentrations were slightly higher in Sea Area 18, point SEA09 (Fig. 7-2) in 
Eurajoensalmi Bay, where the effects of rivers Eurajoki and Lapinjoki are observed.  
 
The concentrations of dissolved organic carbon (DOC) were investigated in the summer 
of 2008 in a one-day survey (Lindfors et al. 2008). The relatively strong gradient 
between coastal water and open sea area was observed as the concentrations were 
highest in coastal areas and particularly near the mouth of River Eurajoki. These short-
term results support well the data from the seawater sampling. 
 
Aquatic macrophytes 
 
A set of 6 diving transects were established on the shores of Olkiluoto Island in mid-
August 2008. The investigations included bathymetric surveys, sediment sampling and 
assessment of benthic macrophytes and macrozoobenthos. Altogether 27 species of 
algae including five species of stoneworts (Charophyta), one species of water moss 
(Bryophyta) and 16 species of vascular plants (Tracheophyta). The most abundant 
group was vascular plants (Tracheophyta) (Ilmarinen et al. 2009).  
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Radionuclides in sea flora 
 
Bladderwrack (Fucus vesiculosus), green algae (Chlorophyta), perifyton, fennel 
pondweed (Potagemon pectinatus) and spiked water milfoil (Myriophyllum spicatum) 
are collected for radionuclide concentration analyses within the present nuclear power 
plant monitoring programme from locations shown in the map of App. A, Fig. A-2. The 
results have been summarised by Ikonen (2003), Roivainen (2005) and Haapanen 
(2005–2009). Earlier, also some other species were collected (Roivainen 2005). Out of 
the key nuclides and elements (Section 1.3), mainly caesium (Cs-137, Cs-134) and Sr-
90 have been observed, possibly enabling estimation of concentration ratios for these 
nuclides and elements. In addition, there are single observations of Nb-95, without 
clearly related data on seawater, and of Sb-125. Concerning the latter, it might be 
possible to calculate concentration ratios for green algae. Furthermore, although not 
directly applicable in the biosphere assessment, these data contributes to the 
radionuclide baseline of the spent nuclear fuel disposal. 
 
7.1.5  Fauna 
Zooplankton 
 
Earlier, the monitoring programme of the Olkiluoto nuclear power plant has not 
addressed an integral part of the food chain, i.e., the zooplankton that feed on the 
phytoplankton and serves as a food source for fish. The community structure and 
seasonal variation of zooplankton are affected by various physical and chemical 
characteristics of the water column such as temperature, salinity and oxygen level as 
well as biological factors, for example the phytoplankton community, zooplankton-
feeding animals and competition (Remane & Schlieper 1958, Hernroth & Ackefors 
1979, Kankaala 1984, Viitasalo 1994). Salinity is the most important factor influencing 
the zooplankton species composition whereas temperature affects mostly zooplankton 
biomasses, for example, through physiological processes such as development, growth, 
reproduction, feeding, metabolism and mortality (Koski 1999).  
 
In 2008, the species and amount of zooplankton were monitored five times at sample 
site SEA08 (Sea Area 10 in Figure 7-2) to have a more detailed picture of the structure 
and functioning of the ecosystem, as further discussed in section 7.2.4 below. 
 
Bottom fauna 
 
There is some annual variation in the bottom fauna species composition in the waters 
off Olkiluoto, as in other sea areas. This is caused by factors such as weather conditions 
and fluctuations in the populations of individual species. Strong currents accumulate 
dead plankton and plant detritus to depressions, where they locally increase the amount 
of nutrients available to bottom fauna. The bottom fauna in the Olkiluoto area is 
monitored annually at seven observation sites. In addition, the bottom fauna 
communities of the Eurajoensalmi Bay have been monitored at three sites at intervals of 
several years. 
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In the 1990s, the accumulation of plant residues in deep bottoms increased considerably 
as the production of aquatic flora and bottom algae increased in the shallow areas due to 
improved nutrient provision. As a consequence, the biomass of bottom fauna species 
benefiting of eutrophication such as Nereis sp., Macoma sp., Chironomidae and 
Olicochaeta increased, especially near the cooling water discharge area (10 in Figure 7-
2). However, in the late 1990s and early 2000s, the biomasses of bottom fauna collapsed 
and the state of the sea bottom clearly deteriorated (Figures 7-19 and 7-20). This was 
due to the strong algae production accumulating in deep bottoms and causing lack of 
oxygen by their degradation. In recent years, the bottom fauna communities have 
recovered due to lower algae production and better oxygen conditions in the waters near 
the bottom. However, the annual variation in biomasses has been considerable, which 
shows increasing instability of bottom fauna communities. Furthermore, during the 
summer of 2008, some algae and plant residues were observed again.    
 
Due to the oxygen depletion in the late 1990s and early 2000s the populations of Baltic 
bivalve (Macoma balthica) diminished considerably. Changes in the bottom fauna 
biomass observed have been attributed to the population fluctuations of the Baltic 
bivalve in particular, since it has been the dominant species on mud bottoms. In recent 
years, Macoma populations have recovered.  
 
In the Olkiluoto area, two species typical of undisturbed bottoms, Monoporeia affinis 
and Pontoporeia femorata, have not been found in studies during 2003–2008. As the 
disappearance of Monoporeia affinis has also been observed in several other areas in the 
Bothnian Sea as well as in Baltic Sea, it may be related to the large-scale changes and 
population variations of this bottom fauna species. However, Tubifex costatus and 
Chironomus plumosus, which are indicator species for polluted bottoms, have clearly 
decreased during the last few years in the Olkiluoto area. 
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Figure 7-19. Average and range of number (individuals/m2) and biomass (g/m2) of 
bottom fauna on different observation sites in 1990–2008. Data source: database 
maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy. 
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Figure 7-20. Number (individuals/m2) and biomass (g/m2) of bottom fauna on 
observation site SEA06 (Sea Area 10) in 1990–2008. At the turn of the century, a peak 
in the number of individuals was caused by abundance of tiny Baltic bivalves, whereas 
other fauna declined. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
 
A set of six diving transects were established on the shores of Olkiluoto Island in mid-
August 2008. The investigations included bathymetric surveys, sediment sampling and 
assessment of benthic macrophytes and macrozoobenthos (Ilmarinen et al. 2009). 
Altogether 37 species of macrozoobenthos (Invertebrata) were observed. The most 
abundant groups in the samples were bivalves (Lamellibranchiata) (996 individuals per 
m
2
), snails (Gastropoda) (739 individuals per m
2
) and polychaetes (Polychaeta) (542 
individuals per m
2
). The abundance of all macrozoobenthos on all transects was 2,899 
individuals per m
2
. The biggest groups by biomass were bivalves (fresh weight 87,054 
mg per m
2
) and polychaetes (fresh weight 12,983 mg per m
2
). (Ilmarinen et al. 2009). 
 
Fish 
 
Fish species have not been studied in the Olkiluoto nuclear power plant monitoring 
programme from the point of view of the ecosystem, but from that of potential impact to 
fisheries. The structure and amounts of fish stocks should be studied in more detail by 
means of test fishing and seine-fishing of fry.  
 
There are some 50 different fish species in the Bothnian Sea. The low salinity of the 
Bothnian Sea is a limiting factor for most marine fish species, and thus the species 
composition of fish stocks varies considerably between the different parts of the 
Bothnian Sea. The highest number of species is found in the coastal and archipelago 
zone. The most important fish species in the entire area is the Baltic herring (Clupea 
harengus membras) (Lehtonen 2005a). 
 
In the sea area off Olkiluoto, the fish species and fishing activities are monitored in 
accordance with fisheries monitoring programmes approved by the authorities. The 
monitoring near Olkiluoto includes fishing activity surveys conducted in specific years, 
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commercial fishery surveys carried out every two years, age and growth analyses of 
fish, assessment of changes in spawning grounds by studying algae survey lines and the 
occurrence and mortality of Baltic herring spawn in its spawning shores (Kirkkala 
2005). 
 
Commercial fishery is practiced in the sea area off Olkiluoto throughout the year. The 
economically most important species are European whitefish (Coregonus lavaretus), 
perch (Perca fluviatilis) and pike (Esox lucius). In a test fishing conducted in 2002, the 
most common species was perch, which accounted for 53% of the total number of the 
fish caught. The second most common species was roach (Rutilus rutilus), which 
accounted for 18% of the total. Compared with 1993, the catch of roach has clearly 
increased (Piispanen & Lintinen 2003). 
 
According to the commercial fishery survey conducted in 2007 (Peltonen 2008), the 
economically most important species was perch, which accounted for 60% of the total 
number of the fish caught (Fig. 7-21). The amount of perch has clearly increased: the 
catch doubled in 2007 compared with 2003. The next highest catches were those of 
Baltic herring and whitefish. The proportion of the combined catch of salmon and trout 
(Salmo salar, S. trutta trutta) has increased two-thirds compared with 2005.  
 
According to the commercial fishery survey, the greatest nuisance to fishery is caused 
by seals, which hinder fishing between September and May in particular (Piispanen & 
Lintinen 2003). The grey seal stock in the Baltic Sea has increased six-fold over the last 
30 years. The boldest seals come up into the inner bays near the coast and feed from the 
fishermen‟s catching devices, destroying these in the process (Salonen 2005). 
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Figure 7-21. Commercial fishery catches in the sea area off Olkiluoto by fish species in 
2001, 2003, 2005 and 2007 (Peltonen 2008). 
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Marine mammal species 
 
Three marine mammal species are found in the Finnish regions of the Baltic Sea: 
harbour porpoise (Phocoena phocoena), gray seal (Halichoerus gryphus) and a 
subspecies of the ringed seal (Phoca hispida botnica).  
 
Harbour porpoise is the only whale species regularly observed in Finnish sea regions; 
some other whale species have also been seen in the Baltic Sea, but only occasionally. 
The species is endangered and the total number of individuals in the Baltic Sea is 
estimated to be approximately 600 (www.wwf.fi) 
 
The gray seal is the most common seal species of the Baltic Sea, and it is not considered 
endangered. In a survey done by WWF Finland in 2006, 10,000 gray seals were 
observed, most of them near Åland (www.wwf.fi). 
 
The ringed seal has become increasingly rare in the Baltic Sea during the 1900s. The 
total number of individuals in the Baltic Sea was estimated to be 5,500 in 1996, whereas 
it was estimated to be 190,000–220,000 at the beginning of the 20th century (Miettinen 
et al. 2005). The distribution of the species in the Baltic Sea is relatively well-known: it  
is divided into four seemingly separate main populations, which are found in the 
Bothnian Bay, the Gulf of Riga, the Russian part of the Gulf of Finland, and the 
Archipelago Sea. Of these, the Bothnian Bay and the Gulf of Riga populations are the 
strongest, while the Archipelago Sea population is rather small (Miettinen et al. 2005). 
 
Radionuclides in sea fauna 
 
Monitoring of radionuclide concentrations in most significant fish in the human food 
chain is included in the programme of the nuclear power plant, and summarised by  
Ikonen (2003), Roivainen (2005) and Haapanen (2005–2009). Perch (Perca fluviatilis), 
pike (Esox lucius), Baltic herring (Clupea harengus membras) and roach (Rutilus 
rutilus) are caught for the samples. In addition, whitefish (Coregonus lavaretus) was 
sampled in 1977–1980 (Roivainen 2005). Of the key nuclides and elements (Section 
1.3), caesium (Cs-137, Cs-134) and Sr-90 are most often observed. There was also a 
brief signature of I-131 from the Chernobyl fallout, but concentration ratios calculated 
from these single data would not be fully reliable, unlike the concentration ratio 
estimates for caesium and strontium. In the older data (Roivainen 2005), also the 
weights before and after scaling of the fish are reported. This could be used in 
calculation of productivity of edibles in sea areas (Section 11.2.5). Furthermore, 
although not directly applicable in the biosphere assessment, these data contributes to 
the radionuclide baseline of the spent nuclear fuel disposal. 
 
Radionuclide concentrations of bottom fauna, namely blue mussel (Mytilus edulis) and 
Baltic bivalve (Macoma baltica) have been monitored in the nuclear power plant 
programme, as well (present-day monitoring locations are shown in the map of App. A, 
Fig. A-2). Similar to fish, majority of relevant data regarding our needs concerns 
caesium and strontium. In some cases there have been observations of Nb-95, without 
clearly related data on seawater, and of Sb-125 for which few concentration ratio values 
could be calculated. In addition, the relative difference in the concentration ratios of Sb-
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125 for different species could be calculated, although it would be only a surrogate for 
the actual parameter. These data are applicable to the disposal facility baseline, as well. 
 
7.2  Open sea areas 
In this section, the general description of the sea areas off Olkiluoto are complemented 
by a more detailed discussion on the specific features and properties of the open and 
semi-enclosed sea areas (see Figure 7-2 in the beginning of this chapter). Enclosed sea 
areas and flads are then discussed in the following sections. 
 
7.2.1  Geology and morphology 
The open sea areas next to the Olkiluoto Island comprise a moderately open and 
shallow sea that is mostly less than 10 metres deep. On the way to the outer sea, there 
are no more islets, and the sea deepens. The general slope becomes somewhat gentler 
further out on the sandstone area (cf., Figures 7-1 and 7-4 in the beginning of this 
chapter).  The basic geometry of the basins, or Sea Areas in Figure 7-2, is listed in 
Table 7-1. 
 
Table 7-1. Basic geometry of open and semi-enclosed sea basins off Olkiluoto, see also 
Figure 7-2. Data are based on digital terrain model by Pohjola et al. (2009). 
 
Sea Area Area, km² Mean depth, m Max. depth, m Volume, Mm³ 
11 224* 20* 44* 4,400* 
10 15 6.1 17 90 
13 4.3 3.5 13 15 
20 13 6.0 15 79 
18 9.4 3.7 11 34 
* Only part is included in the Biosphere Model Area; see delineation in Figures 7-2 and 7-4. 
 
Out of these Sea Areas, the two least connected to the open sea, Eurajoensalmi Bay (18) 
and Olkiluodonvesi (13), have clays as the most abundant surface sediment on the 
bottom (61 and 50%, respectively) with rocky areas and till on the rest, half and half 
(Figure 7-5 in Section 7.1.2). In the outermost Sea Area (11), rocky bottom covers as 
much as 73%, but there exists also some 1% of gravel and sand on the surface, which is 
nearly lacking in the shallower areas. The remaining part is almost equally shared by till 
and clays. This applies also to Sea Areas 10 and 20 having rocky sediment proportions 
of 37 and 50%, respectively. The abundance of clay surface sediments also reflects the 
past and present sedimentation; most of the sedimentation occurs in the more closed sea 
areas as was discussed generally in Section 7.1.2. 
 
In 2008, surface sediment cores were taken for grain size and chemical analyses that 
will be reported after they are completed. According to the cruise report (Kotilainen et 
al. 2008), the core taken from the open sea area in front of Olkiluoto (Fig. 7-4; Sea Area 
11) was gravelly, stony sand with oxidised surface. Another core from the open sea area 
north of Olkiluoto, outside of the modelling area, had oxidised muddy sand on the 
surface (0–2 cm), an intermediate layer of gravelly sand, and a grey clay layer at 5–9 
cm, beneath which the sampler could not penetrate. The two cores further west from the 
area shown in Fig. 7-4 had an oxidised sand surface on grey clay (2–10 cm), and 
oxidised sandy gyttja on top of an erosional surface with stones, gravel and sand at 2 
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cm, laying on top of laminated clay. All these rather shallow cores had remnants of 
benthic biota. 
 
In the slightly less open sea area in front of the power plant (Sea Area 10), four cores 
were taken. Fluffy, clayey gyttja with pieces of plants and signs of bioturbation was 
overlaying faintly laminated or homogeneous gyttja clay at least down to 31–46 cm. In 
the core closest to the power plant cooling water discharge channel, deepst occurrence 
of live biota was found: two worms (Marenzelleria viridis) at 28 cm from the surface. 
In the semi-enclosed Olkiluodonvesi (Sea Area 13), the single core taken showed 
similar surface sediment structure as those from the Sea Area 10. Also, in the 
Eurajoensalmi Bay (Sea Area 18 and eastern part of 20), four cores exhibit similar 
structure as those from the Sea Area 10: an oxidised, fluffy layer on top of gyttja clay 
(Kotilainen et al. 2008). 
 
7.2.2  Hydrology and water quality  
Temperature 
 
The strongest local environmental stressor in the open sea areas off Olkiluoto and 
especially in the Sea Area 10 (Figure 7-2) is the heat load from the cooling water 
discharge of the nuclear power plant. The average amount of heat transferred annually 
to sea in cooling waters was 95 PJ in 1996–2000, but it has increased by ca. 5% in 
2004–2008 (Turkki 2009) due to upgrades of the power plant. The corresponding 
temperature rise of the cooling water is about 13°C. The effect of cooling water can be 
seen most clearly in winter as an unfrozen water area a few square kilometres in size 
and in changes to the ice conditions, as discussed above in section 7.1.3 and exemplified 
in Figure 7-10 (number of ice-covered days).  
 
The temperature in the discharge area in the sea area off Kaalonperä (Sea Area 10, 
monitoring point SEA08) is usually 5–7ºC higher in the surface layer and 1–1.5ºC 
higher in the deeper layers than the background temperature. During the open-water 
season, the temperature increase of the sea water is more localised, as a considerable 
increase in temperature (more than 3ºC) may only be observed in the surface layer (0–2 
m) in the discharge area and a slight increase (1–3ºC) at a distance of 3 kilometres from 
the discharge point. Especially in late winters, the seawater is clearly stratified in terms 
of temperature in the discharge area: water is clearly colder near the bottom than in the 
surface layer (Fig. 7-22).  
During the spring and autumn turnovers, the differences in water temperature between 
the different layers have often also been small in the sea area off Kaalonperä (Sea Area 
10). In summer, the water in the surface layers is also normally warmer than in the 
layers near the bottom (Fig. 7-22), but the increase in the temperature of the surface 
layers is considerably higher in the sea area off Kaalonperä than in other parts of the 
area. For example, in August of 1986–2008, there were no differences in temperature at 
a depth of five metres between SEA08 and SEA06, whereas at 1 and 0.3 metres the 
temperature differences were 3.9ºC and 5.3ºC, respectively. 
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Figure 7-22. The average and range of seawater temperatures in different water layers 
on SEA08 and SEA06 in the Sea Area 10 (cf. Fig. 7-2) during summer and winter 
sampling occasions in 1986–2008. SEA08 is more influenced by the warm cooling water 
outlet from the nuclear power plant. Data source: database maintained by Lounais-
Suomen vesi- ja ympäristötutkimus Oy. 
 
 
Nutrients 
 
To some extent the local wastewater load temporarily increased the concentrations in 
the cooling water discharge and intake areas (Sea Areas 10 and 13 in Figure 7-2). The 
state of the Eurajoensalmi Bay (Sea Area 18) is mainly determined by the water brought 
by the River Eurajoki and the nutrients contained in this water.  
In Sea Area 10, both in the area southwest of Kuusisenmaa Island (SEA06) and in the 
cooling water discharge area off Kaalonperä (SEA08), phosphorus concentrations have 
been higher in the water layer near the bottom, whereas in nitrogen concentrations there 
have not been considerable differences between water layers in the 2000s (Fig. 7-23). 
North of Puskkari Islet (SEA07), nutrient concentrations near the bottom have 
sometimes, especially in winter, been higher than in other water layers, although no 
clear differences are observed in annual averages.  
In the cooling water discharge area (SEA08), nitrogen and phosphorus concentrations 
during the open-water season have varied relatively little, but have usually increased 
towards the end of the summer and in autumn. In 2003–2008, phosphorus 
concentrations during the open-water season seemed to be highest in September, 
whereas the amount of nitrogen was highest in May especially in 2006–2008. 
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Figure 7-23. Average phosphorus (above) and nitrogen (below) concentrations in 
different water layers in 2000–2008 (* only 2006–2008; minima of all data 13 and 252 
µg/L, respectively).  Location of bottom at each monitoring point is presented with a 
shaded rectangle. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
 
 
 
0
20
40
60
80
1
9
9
0
1
9
9
3
1
9
9
6
1
9
9
9
2
0
0
2
2
0
0
5
2
0
0
8
p
h
o
s
p
h
o
ru
s
 c
o
n
c
e
n
tr
a
ti
o
n
 (
µ
g
/L
) Late winter
Late summer
P
200
250
300
350
400
450
500
1
9
9
0
1
9
9
3
1
9
9
6
1
9
9
9
2
0
0
2
2
0
0
5
2
0
0
8
n
it
ro
g
e
n
 c
o
n
c
e
n
tr
a
ti
o
n
 (
µ
g
/L
)
Late winter
Late summer
N
P
 
Figure 7-24. Total phosphorus and total nitrogen concentrations (µg/L) in the water 
near the bottom on observation site closest to the cooling water discharge area (Sea 
Area 10, observation site SEA08) in late winter and late summer in 1990–2008. Data 
source: database maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy. 
 
The state of the bottom in the cooling water discharge area deteriorated in the late 1990s 
and the early 2000s due to intermittent lack of oxygen caused by degradation of plant 
residues. This could also be seen in an increase in phosphorus concentrations near the 
bottom in late summer (Fig. 7-24). In addition, in August 2007, the near-bottom amount 
of phosphorus in SEA08 rose due to the lower oxygen saturation; a phenomenon that 
was not observed in other study sites. 
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Olkiluodonvesi (Sea Area 13; SEA05) is a semi-enclosed, rather shallow area, and the 
nutrients of the intermediate layer have not been studied. Nitrogen concentrations in the 
water have mostly been higher in the surface layer than near the bottom, whereas the 
contrary is true for phosphorus concentrations (Fig. 7-23).  
In the Eurajoensalmi Bay (Sea Area 18/SEA09), the surface layer often consists of river 
water, which is carried below the ice as a thin layer of turbid water as far as the mouth 
of the bay in winter. In the summertime, the mixing depends on the intrusion of the 
seawater to the bay due to wind conditions: in some situations the river water gets 
mixed with the seawater already at the mouth of the river (e.g., Lindfors et al. 2008). 
Phosphorus and particularly nitrogen concentrations have often been higher in the 
uppermost surface layer due to the effect of river waters. In the intermediate layer (5 m), 
nitrogen concentration is usually slightly higher than near the bottom, while there are no 
clear differences in phosphorus concentrations between the intermediate and the bottom 
layers, if oxygen conditions are good. In the one-day study by Lindfors et al. (2008), the 
influence of river waters was evident on phosphorus concentrations of surface water.  
In Sea Area 20, on the mouth of the Eurajoensalmi Bay, phosphorus concentrations in 
near-bottom water have occasionally been higher compared with the other water layers, 
but there are no differences in annual averages in the study site east of the Susikari Islet 
(SEA03). The influence of river waters may sometimes be observed as higher nitrogen 
levels in the surface layer at the monitoring point.  
Further north in more open sea, northeast of Pyrekari Islet (SEA10), nutrient 
concentrations are usually lower compared with the other study sites. Differences in 
nitrogen concentrations between the water layers have been small, but greater variation 
in phosphorus concentrations has occasionally been observed between the water layers 
in this area than at other observation sites.  
7.2.3  Primary production 
Phytoplankton 
 
The species and biomass of phytoplankton have been studied in detail at the observation 
site SEA08 (Sea Area 10 in Fig. 7-2) six times during the open-water season. In 2008 
phytoplankton samples taken from the close-by sites SEA06 and SEA07 were analysed 
as separate samples throughout the season (April–September). In previous years, 
samples from other sites than SEA08 have been combined to form a whole-summer 
composite sample of each sampling point. Thus, the seasonal distribution of 
phytoplankton is now studied at more than just one sampling site to establish in more 
detail the differences between the cooling water discharge area and other parts of the sea 
area. 
 
In the area affected by the cooling water, the flows and increases in temperature have 
had an impact on phytoplankton production, which has often increased in the sea area 
off Kaalonperä (Sea Area 10, especially at SEA08). The phytoplankton species typical 
of cold waters, such as diatoms, are observed at wintertime, too. Consequently, the 
springtime diatom bloom starts one month earlier than elsewhere. The lengthening of 
the growing period particularly in spring has increased the production. For example, in 
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2008 the average biomass at SEA08 was 6% and 16% higher compared with the sites 
SEA06 and SEA07, respectively (Fig. 7-25). In addition, there were no major 
differences between these three sites in biomass distribution during the growing season 
2008.  
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Primary production and primary production capacity  
 
In the waters off Olkiluoto, primary production of phytoplankton has been measured 
using an in situ radiocarbon (C-14) method in Sea Area 10 (Fig. 7-2) at points SEA06 
and SEA08 eight times per year between April and September. Primary production has 
generally been 10–20% higher at the immediate cooling water discharge area (SEA08) 
than slightly off, at SEA06. During the latest decades, primary production clearly 
increased until 2002, with some annual variation (Fig. 7-26). In 2003–2008, primary 
production has been lower than earlier. Weather conditions affect the production, for 
example, in 2007 high summertime precipitation and low temperatures in July limited 
it. 
 
Composite samples taken from the production layer have also been used for 
measurements of phytoplankton primary production capacity to establish the amount of 
organic matter produced by assimilation in laboratory conditions. Primary production 
capacity (Fig. 7-27) increased from the late 1970s until the late 1990s, but no longer in 
the 2000s. In 2003–2005 and 2007 the growing season primary production capacity 
resembled that of the mid-1980s. Part of this drop is explained by low precipitation and 
consequent low runoff.  In 2008, the capacity normalised again.  
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Figure 7-26. Actual primary production by phytoplankton during the growing period 
(April–September) in Sea Area 10 (SEA06 and SEA08) in 1990–2008. Fitted linear 
trends are also shown for illustration. Data source: database maintained by Lounais-
Suomen vesi- ja ympäristötutkimus Oy. 
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Figure 7-27. Primary production capacity(mgC/m³/y) in the production layer in late 
summers 1990–2008. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
 
Aquatic macrophytes 
 
Two of the diving transects in 2008 were located in open sea areas (Sea Areas 18 and 
20). They were considered to be moderately exposed and had slightly less turbid water 
than the other studied transects. The bottom substrates varied. Altogether 24–29 species 
of macrophytes, including algae, vascular plants, stoneworts and water mosses were 
found on these approximately 0.5 km long transects. On shallow and sheltered bottoms 
near the shoreline, pondweed Potamogeton pectinatus dominated. P. perfoliatus, 
Zannichellia palustris, Ceratophyllum demersum, Myriophyllum spicatum, M. 
sibiricum, Ranunculus baudotii and Najas marina were observed as well. In the shallow 
water stones and boulders were covered by green algae. The maximum growth depth of 
vascular plants was between 2 and 4.4 m. Deeper parts, up to 6–7.6 m were dominated 
by red and brown algae. (Ilmarinen et al. 2009). 
 
Two of the diving transects were located in the semi-enclosed Sea Area 13. They were 
considered to be sheltered. The maximum depths of these approximately 0.5 km long 
transects were 3.2 and 3.4 m. The bottom substrates were sand, silt and clay. Altogether 
10 and 19 species of macrophytes were found. Pondweeds Potamogeton pectinatus and 
P. perfoliatus were the most common species, and Myriophyllum spicatum, M. 
sibiricum, Ceratophyllum demersum and Najas marina appeared along the whole 
transects but with lower coverage. On the other transect, also Zannichellia palustris, 
Ranunculus circinatus, Lemna trisulca, Callitriche hermaphroditica, Chara aspera, C. 
tomentosa and Tolypella nidifica were found. Some algae species grew in places, where 
the bottom was hard.  
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7.2.4  Fauna  
 
Zooplankton 
 
In 2008, the species and amount of zooplankton were monitored five times at sample 
site SEA08 (Fig. 7-2) to have a more detailed picture of the structure and functioning of 
the ecosystem. Altogether 23 zooplankton taxa were identified in the samples, of which 
12 were rotifers, 6 cladoceras and 5 copepods. The maximum carbon biomass was 44 
mgC/m
3
 (15 July) and the average open-water season carbon biomass was 24 mgC/m
3
 
(Fig. 7-28). The maximum number of individuals (over 80,000 individuals/m
3
) was 
observed in late summer (15 July and 12 August) and the average number of individuals 
was 58,000 individuals/m
3
 (Fig. 7-29). 
 
The most abundant rotifer taxa during the sampling period were Synchaeta baltica, 
Keratella quadrata and Keratella cochlearis. Bosmina longispina maritima was the 
most important Cladoceran taxon of the whole sampling period and Podon 
polyphemoides dominated in early summer (June 11). Acartia bifilosa and Eurytemora 
affinis were the dominant Calanoid taxons. The observed taxa were typical of the 
Bohnian Sea area. 
 
The average carbon biomass level of samples (24 mgC/m
3
) was higher than in the 
monitoring program of the Bothnian Sea (UMSC 1993–2003) but lower than observed 
in the Helsinki sea area in 1969–1996 (Pellikka & Viljamaa 1998). These results cannot 
be directly compared with each other partly due to differences in various environmental 
(temperature, salinity) and biotic factors (availability of food, intensity of predation). 
The observed differences are however understandable, because the Helsinki sea area is 
more eutrophic than Bothnian Sea area.  
 
The maximum biomasses were not necessarily found in this study due to the scarcity of 
sampling occasions. The size of the study area does not allow more general conclusions 
to be made. Spatial variations should be taken into account in further studies.  
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Figure 7-28. Zooplankton biomass (mgC/m3) on observation site SEA08 (Sea Area 10) 
in 2008. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
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Figure 7-29. Zooplankton density (individuals/m3) on observation site SEA08 (Sea Area 
10) in 2008. Data source: database maintained by Lounais-Suomen vesi- ja 
ympäristötutkimus Oy. 
 
Bottom fauna 
 
In 1990s the accumulation of plant residues in deep bottoms increased considerably due 
to improved nutrient provision. As a consequence, the biomass of bottom fauna species 
benefitting of eutrophication such as Nereis, Macoma, Chironomidae and Olicochaeta 
increased, especially near the cooling water discharge area (Sea Area 10 in Figure 7-2). 
However, in late 1990s and in the early 2000s, the biomasses of bottom fauna collapsed 
and the state of the sea bottom clearly deteriorated due to the strong algae production 
causing lack of oxygen at the bottom, as discussed in section 7.1.5 above. In recent 
years, the bottom fauna communities have recovered. 
 
The unusual thermal conditions near the cooling water discharge area increase algal 
production, but on the other hand, also limit the solution of oxygen in water. In 1998–
2003, the amount of Baltic bivalves was extremely low in the cooling water discharge 
area (Fig. 7-30) and the size distributions were uneven, which indicates disturbances in 
near-bottom conditions, for example, occasional lack of oxygen.  
 
In the bottom fauna samples taken from the Eurajoensalmi Bay in 2005 (Turkki & 
Kirkkala 2007), bottom fauna species typical of coastal waters, such as the Baltic 
bivalve and the North American polychaete Marenzelleria viridis, were found. The 
number of species and individuals, as well as the biomasses were lowest in the 
innermost site of the bay. The bottom fauna biomasses were lower compared with the 
earlier study conducted in 1996 (Jumppanen & Räisänen 1998), mainly due to the 
decrease in the number of Baltic bivalve individuals. 
 
As mentioned above, two of the diving transects in 2008 were located in open sea areas 
(Sea Areas 18 and 20). The number of observed species was lower than on more 
sheltered transects. The most abundant groups were Lamellibranchiata, Polychaeta and 
Amphipoda. Macoma baltica, belonging to the first group, dominated in number and 
biomass. Also oligochaeta, more common in clear water, were found (Ilmarinen et al. 
2009).  
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Figure  7-30. The biomass (g/m2, fresh weight) of soft-bottom fauna and the proportion 
of Baltic bivalves (Macoma) in Sea Area 10 (SEA08) in 1982–2008. In 2001–2003, 
other bottom fauna accounted for 41, 100 and 79% of the total biomass, respectively. 
Data source: database maintained by Lounais-Suomen vesi- ja ympäristötutkimus Oy. 
 
Furthermore, two of the transects were located in the semi-enclosed Sea Area 13. One 
of these had the highest density of macrozoobenthos and, with species from 20 
taxonomic groups, a very high biodiversity as well. Macoma baltica was abundant and 
the densest groups were Lamellibranchiata and Gastropoda. On the other semi-enclosed 
transect, the number of species was low (11), but the density of individuals moderately 
high.  
 
7.3  Enclosed sea areas 
In this section, the detailed description of the sea areas is continued with the enclosed 
ones (see Figure 7-2 in the beginning of this chapter), to follow the description of the 
open areas in the previous section and to precede the description of flads in the 
following one. 
 
In the Olkiluoto area, there are a number of almost enclosed bays or inlets that 
eventually will be isolated due to land uplift. Most of them have not been studied except 
for an overall impression, but there are monitoring data from Haapasaarenvesi (Sea 
Area 3), and a diving transect survey, a sea bottom sounding survey and a one-day 
water quality survey from Katavavesi (Sea Area 17). The one-day water quality survey 
(Lindfors et al. 2008) was extended as an interpolated surface (see the measurement 
routes in Fig. 7-17) to the other enclosed areas, and is further supported by some 
analyses of runoff water. However, due to the nature of this study, the results can be 
considered only indicative for these areas: the more enclosed a sea area is, the more the 
runoff and ditches discharging to the area affect the water quality. 
 
7.3.1 Geology and morphology 
Haapasaarenvesi is a 5-km² sea area south of Olkiluoto, located between bigger islands, 
and it has already almost been isolated from the sea. In addition to a strait a few hundred 
metres wide, but almost a kilometre long at the north, there are two artificial narrow 
218 
 
openings to the south. The water depth in the middle varies between 2–8 metres, but the 
shores are rocky and partly very shallow, although some rather deep cliffs exist, too. 
The area of Katavavesi–Rumminperä–Karhunkarinrauma (Sea Areas 17 and 14) is 
shallow and sheltered, with the depth being mainly under 1 m (Table 7-2). The main 
outflow of River Lapinjoki runs through the area and greatly affects to the water flows, 
in addition to accumulating clayey-muddy sediments. 
 
In these enclosed and rather shallow areas, the acoustic-seismic sounding of the sea 
bottom sediments (Rantataro & Kaskela 2009) does not cover the entire area, or is at 
least to some extent an interpolation (Fig. 7-31). However, it is rather clear that these 
areas accumulate sediments. In the Karhunkarinrauma area (14), 72% of the area 
covered by the surface sediment map is clayey, and in the slightly more open 
Katavavesi–Rumminperä area 42% (Fig. 7-5). Rocky sediments cover only 3 and 13%, 
respectively, which is much less than in the open sea areas, the rest being till. In 
Haapasaarenvesi, where the sediment map does not reach the shoreline, the 
corresponding numbers are 41 and 4% (clayey and rocky), with a large part of the 
clayey area classified as gaseous sediment (Fig. 7-31). Figure 7-32 illustrates the 
sediment profile in the mouth of River Lapinjoki. 
 
Table 7-2. Basic geometry of enclosed sea basins near Olkiluoto, see also Figure 7-2. 
Data are based on digital terrain model (Pohjola et al. 2009). 
 
Sea Area Area, km² Mean depth, m Max. depth, m Volume, Mm³ 
3 5.3 3.4 8.7 18 
14 0.82 1.4 4.7 1.2 
17 0.54 1.2 2.9 0.65 
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Figure 7-31. Partial enlargement of the marine geological map showing the 
Quaternary sediments of the sea floor, Figure 7-4, for Haapasaarenvesi (left) and 
Katavavesi–Rumminperä–Karhunkarinrauma (right) areas, above, and of the bottom 
habitat classification of Figure 7-3, below. Map is based on topographic database by 
the National Land Survey of Finland, Pohjola et al. (2009), Rantataro (2001), 
Rantataro & Kaskela (2009) and Al-Hamdani et al. (2007). Map by layout Jani 
Helin/Posiva Oy.  
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Figure 7-32. Quaternary sediment profile along Katavavesi–Rumminperä–Karhun-
karinrauma, from the narrowest point on the mouth of Karhunkarinrauma to its 
southern end (Fig. 7-4), viewed from the west. In the middle of the profile, the interface 
between till and bedrock could not be distinguished with the sounding method. 
In the transect study of 2008 (Ilmarinen et al. 2009), the northern part of Katavavesi 
(Sea Area 17 in Fig. 7-31) was found sheltered, shallow and with mostly clayey bottom. 
Soft muddy clay was encountered in several locations, and some had evenly grey clay 
throughout the whole 50 cm in the core. In some locations, there were layers, even 35 
cm thick, of degrading plant material, sometimes overlaid by soft muddy clay. 
 
 7.3.2  Hydrology and water quality 
The Haapasaarenvesi area, situated southwest of the Olkiluoto Island, represents 
enclosed sea area. Water quality in the Haapasaarenvesi area (monitoring point SEA29, 
Figure 7-2) has only been studied since 2006. The area is shallow and there is no 
thermal stratification of the water. On the basis of the summertime total phosphorus 
concentrations, the area can be classified as eutrophic. The phosphorus and nitrogen 
levels in Haapasaarenvesi are higher than in the Olkiluoto sea area and the bay is clearly 
more eutrophic than the waters near Olkiluoto, which was observed also in the study of 
Lindfors et al. (2008).  
In the Katavavesi–Rumminperä–Karhunkarinrauma area, water quality has been studied 
in a one-day survey in the summer of 2008 (Lindfors et al. 2008). The turbidity, 
nitrogen, phosphorus and chlorophyll-a values were higher than in the open sea areas. 
The water quality of River Lapinjoki, discussed in Section 6.7.2 of this report, 
discharging to the area likely has a great effect. 
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7.3.3  Primary production 
A large-scale spatial variation in concentrations of chlorophyll-a during one day was 
estimated in the study of Lindfors et al. (2008) in the sea area surrounding Olkiluoto 
Island (Fig. 7-17). Chlorophyll concentrations were highest in the bottom of the 
Eurajoensalmi Bay and in Haapasaarenvesi. As well, the dissolved organic carbon had 
the highest concentrations in these areas. Through expert judgement, this seems 
characteristic to these areas.  
 
One of the diving transects in 2008 (Ilmarinen et al. 2009) was located in Katavavesi. 
As sheltered and shallow, the transect runs from the east end of Olkiluoto into the 
middle of the opening and further to Kaunissaari Island. The water depth was only 0.2–
1.9 metres, and the bottom substrate was soft clay all the way. The amount of vegetation 
varied from very low to somewhat high (Ilmarinen et al. 2009), the stonewort Chara 
aspera was the most common species at depths less than one metre, while deeper 
bottoms were dominated by pondweeds Potamogeton pectinatus and P. perfoliatus. As 
well, Zannichellia palustris, Myriophyllum spicatum and Najas marina appeared in 
some places. Altogether seven species of macrophytes, including vascular plants and 
stoneworts were found.   
The extent and vitality of the reed stands on the southern, eastern, and partly also 
northern shores of Olkiluoto Island have been studied in 2007 and 2008 (Haapanen & 
Lahdenperä 2009). Widest reedbeds are found around the strait separating Olkiluoto 
Island from the mainland, Karhunkarinrauma. Other larger stands are found in the bays 
separated or about to separate from the sea, Flutanperä bay, and part of the Liiklankari 
Natura 2000 area. Dredging and settlement keep some suitable habitats free of reed, but, 
on the other hand, the bridge between Olkiluoto and mainland has accumulated 
sediment, creating conditions for vital reed stands, reaching as far as 140 m from the 
shore.  
7.3.4  Fauna 
Regarding fauna on these enclosed areas, there are little data available. The coarse 
bottom habitat classification presented in Section 7.1.1 is presented in a larger scale in 
Figure 7-31 for comparison with the open sea areas. The enclosed areas are, by 
definition, more sheltered; however, the shallowness increases the exposure to weather 
conditions. 
 
The diving transect study in 2008 mentioned above included investigation of bottom 
fauna as well. Species from 18 taxonomic groups were observed on the clay bottomed 
transect of Katavavesi. Macoma baltica dominated in biomass, followed by 
polychaetes, of which Marenzelleria (arctia) had the highest number of individuals, as 
well. This species can tolerate low oxygen levels. (Ilmarinen et al. 2009). 
 
7.4  Flads 
A flad is a bay of sea, which is about to be isolated due to land uplift and/or 
accumulation of sediment. When almost isolated, it is called a glo. Flads and glos are 
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found throughout the island-rich coastal areas of Finland. The formation mainly 
depends on the shaping of bedrock, but the overburden plays a role, too. The flads in the 
Bothnian Bay are formed in the shallow depressions within De Geer and Rogen 
morains, whereas those in the Gulf of Finland, Archipelago Sea and Sea of Åland are 
deeper pools surrounded by bedrock outcrops. The latter seems to apply also to most 
cases in the Bothnian Sea, including the surroundings of Olkiluoto. Typically, a flad is 
relatively shallow, but may reach several metres in some cases. Old flads have are often 
soft bottoms due to the accumulation of sediment from decomposing organic matter.  
 
The sheltered conditions are favourable for macrophytes, and, consequently, the 
vegetation is dense; the composition varies according to the morphological phase of the 
flad. Common reed is typical on the coastline, whereas the centre is still open. Due to 
the shallowness, the bottom is covered by dense and specialised vegetation, such as 
Chara tomentosa and Najas marina (Airaksinen & Karttunen 2001), but also more 
common species such as water milfoils and pondweeds exist (Munsterhjelm 1997). The 
shallow, sheltered conditions with reduced water exchange make flads susceptible to 
eutrophication (Wallström et al. 2000).  
 
The fauna is rich: many plankton species and juvenile phases of insects thrive among 
the vegetation. Frogs, mosquitos and dragonflies mate in flads. Flads are important 
spawning sites and juvenile habitats also for fish. Furthermore, fish return to the same 
spawn locations from year to year. As for birds, for example, mallards (Anas 
platyrhynchos), Slavonian grebes (Podiceps auritus), black-headed gulls (Larus 
ridibundus), marsh harriers (Circus aeruginosus) and cranes (Grus grus) nest in flads, 
depending on their type and size. Goldeneyes (Bucephala clangula) and tufted ducks 
(Aythya fuligula) gather in flads during moulting. Ospreys (Pandion haliaetus) and 
white-tailed eagles (Haliaeetus albicilla) use flads for fishing (Hästbacka 1991).  
 
In a broader-scale mapping by Sydänoja (2008), no actual flads were identified in the 
Olkiluoto area. However, some will probably develop with land uplift. The nearest ones 
identified are located in the islands of Uskalinmaa, Aikonmaa and Reksaari, some 
kilometres north and south of Olkiluoto Island.  
 
The diving investigation in the summer of 2008 (Ilmarinen et al. 2009) showed that 
species composition of the transect located in Flutanperä Bay (Sea Area 16 in Figure 7-
2) was typical for a flad: green algae (Vaucheria sp.), stoneworts (Chara aspera and 
Chara canescens) and pondweed (Potamogeton pectinatus) were the most common 
species. Zannichellia sp., Myriophyllum spicatum, Lemna trisulca and Najas marina 
appeared in some places. Furthermore, club rush (Schoenoplectus tabernaemontani) and 
reed (Phragmites australis) formed small stands along the transect. Altogether 13 
species of macrophytes, including algae, vascular plants and stoneworts, and three 
species of sessile invertebrates were found on the transect. The most abundant groups of 
macrozoobenthos were Gastropoda, Coleoptera and Chironomidae. Especially the 
species Chironomus f. l. plumosus, which was only found at this transect, indicates high 
eutrophication (Ilmarinen et al. 2009). 
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8   AGRICULTURE 
8.1  General description 
Agricultural statistics are collected at municipality level and further integrated for Rural 
Centres or Employment and Economic Development Centres (EEDC). In this report, we 
describe the Eurajoki municipality where the Olkiluoto Island is located, the group of 
municipalities in Southern Satakunta that are rather similar to Eurajoki (Eurajoki, Eura, 
Kiukainen, Kodisjoki [joint with Rauma in 2007], Köyliö, Lappi, Rauma and Säkylä) 
and the whole area of the Satakunta Employment and Economic Development Centre or 
Rural Centre. These larger areas are described as this gives us more information about 
the local agriculture today and in the future than the Eurajoki area alone, and some of 
the data are only available for the EEDC level.  
 
In the Eurajoki municipality, there are slightly over 200 farms with a total area of 6,600 
ha. In municipalities of Southern Satakunta, there are 1,250 farms and 37,900 ha of 
arable land which constitutes 30% of farms and 26% of the arable land in the entire 
Satakunta EEDC. The average farm size in Satakunta is slightly over 30 ha.  
 
The main production system of farms is similar between Eurajoki and municipalities 
classified here as Southern Satakunta (Fig. 8-1). Cereal production is the main 
production system on 75% of the farms. The special plant cultivation includes 
production of malt barley, pea, potatoes, sugar beet and oil plants (turnip rape, rape, 
sunflowers), being the second largest sector with about 20% proportion.  The main 
difference between the Satakunta EEDC and Southern Satakunta is that milk production 
is more important in the former. 
 
 
Eurajoki Satakunta EEDC Milk production
Other livestock
Pig husbandry
Poultry husbandry
Horse husbandry
Crop production
Special plant
cultivation
Horticulture
Other plant
production
Other production
Southern Satakunta
 
  
Figure 8-1. The distribution of main production systems for farms in Eurajoki, Southern 
Satakunta and Satakunta Employment and Economical Development Centre in 2008 
(www.matilda.fi). 
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Figure 8-2. Arable land in the Terrain and Ecosystems Model area around Olkiluoto 
Island. A smaller scale map showing the situation in Southern Satakunta is also 
provided. Data sources: topographic database by the National Land Survey of Finland 
and Baltic GIS portal (gis.ekoi.lt). Map layout by Jani Helin/Posiva Oy.  
 
Agricultural soils have been usually established on sediment soils that are fine in 
texture, free from stones and contain plenty of nutrients. Thus, fields are often located 
along the rivers (Fig. 8-2). The soil thickness must be over half a metre to secure proper 
root growth and water availability for plants. In Southern Satakunta, almost half of the 
fields are sandy and the proportion of clay soils is small. About 20% of the fields are on 
organic and peat soils (Fig. 8-3). 
 
When soil is taken for agricultural use, the main change in soil conditions has been 
caused by soil management, especially ploughing and seedbed preparation. The aeration 
in soil increases by soil management, thus increasing microbial activity and organic 
matter decomposition. Liming in order to maintain pH at a suitable level for agricultural 
crops affects the solubility of nutrients and other substances.  Water balance can also be 
affected by agricultural production, as the proportion between surface and drainage 
runoff can change. Wind and water erosion can be increased especially in case of 
intensive soil management. As well, flooding can both erode soil material, but can result 
in sedimentation as well, when water flow is slow. The annual inputs in fertilisers
5
 and 
possible manure are compensated by yields that are taken off from the field. Thus, the 
cycling of carbon and nutrients is intensive on agricultural fields, although the cycling is 
still a small proportion of the storages in soil.  
                                                          
5
 In agriculture, granular fertilisers that are compound NPK fertilisers are used more than single nutrient fertilisers. In addition, 
NPK fertilisers always contain Cl or S, B and Se. In horticulture, fertilisers including Mg, Mn, Fe, Cu, Zn, and Mo are 
recommended. The N application varies from 50 to 250 kg/ha depending on the crop and soil type. P application is decided 
according to the soil P status, varying from 0 to 80 kg/ha. K application is commonly 20–100 kg/ha but can be up to 300–400 kg/ha 
with special crops on soils with low potassium status. 
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Figure 8-3. Distribution of soil texture in arable top soils (0–25cm) of Southern 
Satakunta according to the Finnish agricultural soil texture classification (Kähäri et al. 
1987).  
 
In Satakunta Rural Centre, 70% of arable land is subdrained (sub-surface drainage; 
Yearbook of farm statistics 2007). The annual increase in subdrained area has been 320 
ha. This implies that only about 0.6% of the undrained agricultural land is subdrained 
annually. As well, maintenance of the existing subdrains is at a low level, and only 0.1–
0.2% of subdrainage systems are repaired by adding new pipes, although the annual 
demand is estimated to be 15,000 ha (Salaojakeskus 2002).  
 
The making of subdrains started in Finland toward the 1950s and was undertaken at a 
high rate from the middle of the 1960s until the end of the 1990s. In Satakunta in the 
1980s, the subdrained area increased from 50% to 67% (situation in 1991). The soils in 
Satakunta are light in texture and permit water to infiltrate well, thus 20% of fields are 
still drained with open ditches, and approximately 10% are undrained, which are high 
values compared with clay soil areas. However, the intensive agriculture has required 
more effective drainage systems than in other areas with light soil textures. 
 
In 2002, controlled subdrainage was established or applied to 1,500 ha in Satakunta 
EEDC (Ministry of Agriculture and Forestry 2003), which means that 1% of total field 
area is subject to controlled subdrainage. Controlled subdrainage is suitable for sandy or 
gyttja clay soils that have slopes of less than 2%. 
 
Agricultural soils have high nutrient contents that can be based on original minerals and 
organic matter, but can also be due to the annual applications of fertilisers and in animal 
production also manure. Thus, the capacity to produce plant biomass is high on these 
soils. Microbial activity is also high due to soil management and plant residues. 
 
Natural fauna can also be rich on the fertile agricultural soils. If soil management and 
use of pesticides are at a low level, for example, insects and earthworms can benefit 
from the environment rich in nutrients. In addition, wild animals can also graze on 
fields that produce plenty of suitable food for them. 
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Radionuclides in agricultural products 
 
In the monitoring programme of the Olkiluoto nuclear power plant, samples on garden 
products (mainly lettuce and blackcurrant) and pasture grass have been collected near 
Olkiluoto from the 1970s on to measure radionuclide concentrations. Earlier, samples 
were collected also farther in the Eurajoki municipality. Cereals, beef and milk (in the 
earlier years also pork) have been sampled regionally (STL 1977–1983, Ikonen 2003, 
Roivainen 2005, Haapanen 2005–2009). Unfortunately, corresponding concentrations in 
soil have not been reported, so the data cannot be used in calculation of concentration 
ratios from soil to foodstuff. However, in the report series of STL (1977–1983), the 
concentrations have been reported both in fresh and dry weight, and these could be 
applied as conversion factors for literature data. Although not directly applicable in the 
biosphere assessment, these data contributes to the radionuclide baseline of the spent 
nuclear fuel disposal. 
 
 
8.2  Cultivation 
Plant species differ in their preference for different soil types (Table 8-1).  
 
A good drainage system is necessary for all crops. The longer the growing period, the 
faster in the spring the drains should dry the soil to field capacity, at which stage the 
free water has flowed from the soil layer to the underlying subdrains. As well, in the 
case of high rainfall events in early summer, the drainage system should work fast 
enough to prevent water-saturated conditions that can destroy plant stands in a few 
days. Especially, given that late crops have long growing periods, the drainage system 
should keep soil dry enough in autumn to avoid soil compaction at harvest when heavy 
machines are used on the fields. 
 
While there is usually abundant water in soil in spring and in autumn, in many summers 
plants suffer water stress. The difference between potential evaporation and rainfall in 
Southern and Western Finland is 140–150 mm from May to July (Pajula & Triipponen 
2003). Soils can store approximately 10 mm of easily plant available water in a 10 cm 
thick soil layer, which leads to 60–80 mm of available water in the rooting layer. 
Depending on the rainfall in summer months, this results to need for irrigation water of 
0–90 mm. With sandy soils, the capillary rise from groundwater also supplies water for 
crops until the soils become dry enough to stop the water fluxes.  
 
It has been estimated that 5.3% of the total agricultural area in Satakunta EEDC could 
be irrigated, based on the availability of the irrigation water sources (Pajula & 
Triipponen 2003). A long distance between a field and water sources like rivers and 
lakes is the main reason for assuming that the field will not generally be irrigated. 
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Table 8-1. Soil types and prevailing conditions that are suitable for different crops. 
 
Crop Soil type Other conditions 
Winter cereals Clay, sand Small slope, no water ponds in autumn and winter 
Barley All Soil pH >6, satisfactory soil P level 
Oats All Grows also in low pH (5–6) and on cool organic soils 
Oilseed Clay, sand Mineral soils warm enough to ensure maturation 
Potato Sand pH (5–6), good nutrient levels and water availability 
Sugar beet Clay, sand Good nutrient levels 
Grass All Tolerant for most soil conditions 
Carrot Sand, organic Loose soil, warm enough for late carrot cultivars 
Cabbages Clay, sand Rich in nutrients and good water availability 
Other vegetables Sand Rich in nutrients and good water availability 
 
 
Irrigation systems are concentrated on smaller than average farms, as 9.3% of the farms 
in Satakunta EEDC had an irrigation system in 2000. The average area that was possible 
to irrigate on one farm, according to water availability and capacity of irrigation 
machinery, was 15.6 ha (Pajula & Triipponen 2003). The recommended irrigation 
amount every 1–2 weeks is 20–40 mm. The irrigation water can be taken from many 
sources: springs, wells, lakes, rivers or ponds, where water has been collected. Since 30 
mm irrigation of one hectare requires 300 m
3
 of water, surface waters are the main 
source for irrigation in commercial agriculture. 
 
 
 
At the moment, there are only few crops whose irrigation is economically profitable.  
Horticultural crops are commonly irrigated if there are sources of irrigation water. 
Considering potato production, there is an estimate that 25–33% of potato fields can be 
irrigated when necessary (Pajula & Triipponen 2003). Potatoes and horticultural crops 
can also be irrigated to protect small plants against frost damage in early summer. 
Sugarbeet has a deep root system and it can use water from deep soil layers. Thus, the 
need to irrigate sugarbeet arises only in the driest summers.  
 
Cereals are cultivated on approximately 75% of the area of both Eurajoki and Southern 
Satakunta (Fig. 8-4). The main cereals are barley and oats. The area of grassland is less 
than 10% of the cultivated area. The area used to grow potatoes and sugar beet is close 
to 5%. The proportion of field vegetables including green peas is higher in Satakunta 
than in other areas in Finland. The cultivated area in Eurajoki 2007 was 5,875 ha and in 
the seven municipalities presented as Southern Satakunta 34,370 ha. In addition to the 
cultivated agricultural soil, 200–500 ha are allowed to lie fallow annually in Eurajoki 
and 1,000–3,000 ha in Southern Satakunta. 
 
Birds and small mammals can eat grains from the cereal fields. Deer and moose can eat 
green leaves. Usually the magnitude of this consumption is negligible, but these animals 
can get part of their diet from the fields. 
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Figure 8-4. The proportion of agricultural crops in Eurajoki and Southern Satakunta in 
2007 (www.matilda.fi). 
 
 
8.3  Animal production 
Animal farms are located along the rivers in a rather similar way to all farms in 
Southern Satakunta (Fig. 8-5). Since grass and cereals for feed production can be grown 
basically on all soils, animal production tends to use less fertile fields than special crops 
and horticulture.  
Animal production influences cultivated crop species in several ways. Barley and oats 
are grown for feed in all sectors of animal production. On cattle farms, grasslands are 
included in crop rotation for production of silage and hay. Thus, in areas having cattle 
production, crop diversity is enhanced by grasslands.  
 
Annual animal numbers and amounts of animal products are provided by the Ministry 
of Agriculture and Forestry in Finland on regional and national basis (www.matilda.fi). 
In Table 8-2, data for Satakunta are combined with information on production and feed 
consumption.  
 
When calculating the animal production results, several aspects need to be considered. 
There is slight annual fluctuation in milk production. The production is highest in the 
spring and lowest in the autumn (see e.g. www.valio.fi). There is also a clear pattern in 
the milk production of an individual cow. The peak milk yield is achieved 
approximately 1 month after calving and after that it starts to decrease linearly. There is 
a dry period of approximately 4–6 weeks before the next calving. 
 
In meat production, the different animal groups differ substantially from each other. In 
suckler cow and sheep production, the calves and lambs are typically born in spring. 
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Figure 8-5 Location and size of animal farms in Southern Satakunta in 2007 
(www.matilda.fi). The size of farms is shown as animal units that are comparable to one 
milking cow. Background maps: topographic database by the National Land Survey of 
Finland and Baltic GIS portal (gis.ekoi.lt). Map layout by Jani Helin/Posiva Oy. 
 
 
Table 8-2. Number of animals in Satakunta EEDC in 2008 (www.matilda.fi), production 
rates and feed intake (compiled by Marketta Rinne and Jouni Nousiainen, Agrifood 
Research Finland).  
 
Species Animal group 
Used to 
produce 
No. of 
animals 
Production 
per animal 
Feed intake, kgDW/day 
Forage 
Concentrate 
produced on 
farm 
Concentr. 
purchased 
Cattle 
Dairy cows Milk  8,632 
8,000 kg/y (25 
kg/d) 
9.39 3.01 4.20 
 Suckler cows Calves 2,282  9.55 0.70 0.0 
 Bulls Meat 4,667 1,000 g/d 5.49 2.02 0.61 
 
Heifers 
Replace-
ment/meat 
5,291  4.79 0.77 0.50 
 Calves, 
heifer 
 4,721  2.20 0.73 0.69 
 Calves, bull  5,210  3.35 1.44 0.77 
Sheep Ewes Lambs 2,811  1.35 0.12 0.03 
 Other sheep Meat 2,950 200 g/d 0.82 0.19 0.05 
Pigs Boars  356  none 1.86 0.62 
 Sows Piglets 20,667  none 2.08 0.90 
 Fattening 
pigs (+50 kg) 
Meat 51,926 1,000 g/d none 1.66 0.36 
 Piglets (-50 
kg) 
 95,552  none 0.42 0.32 
Chicken Laying hens Eggs 289,227 17.7 kg/y none 0.04 0.053 
 Broilers Meat 1,878,208 1.64 kg/animal none 0.0111 0.0817 
Turkeys   79,513 8.6 kg/animal none 0.0578 0.1733 
Horses Horse, adult Recreation 3,011  7.10 2.66 0.09 
 Pony, adult Recreation 438  4.28 1.60 0.06 
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Lambs are typically slaughtered in the next autumn, whereas the life span of beef 
animals is up to two years. In pig production, piglet production and pork production 
typically happen on separate farms. The specialised pork production farms typically 
raise three litters per year. 
 
In poultry production, the life span of laying hens is approximately 12–13 months. The 
life span of broilers is approximately six weeks, and up to seven partias may be raised 
per year. For turkeys, typically 2.5 partias are raised per year. 
 
Feed intake 
 
The total ration of cattle consists of forage and concentrates. The forage is almost 
always produced on-farm from grass-based leys and can be in the form of silage, hay or 
pasture. The concentrate part of the diet consists of cereal grains, protein supplements, 
by-products (from, for example, food and bio-energy industry processes) and 
commercial concentrate feeds. Typically, the cereal grains are produced on-farm while 
the other concentrate ingredients are purchased from outside the farm. For pigs and 
poultry, all feeds can be classified as concentrate feeds. 
 
For the purpose of this report, it is useful to divide the feeds into three groups: 
1. Forage, produced on-farm 
2. Concentrates, produced on-farm (cereal grains) 
3. Concentrates, purchased (cereal grains, protein supplements, by-products and 
commercial concentrate feeds) 
 
Note that cereal grains are mostly produced on-farm, but can also be purchased. 
 
ProAgria collects detailed data of feed consumption on cattle farms, and reports are 
published annually. It is also possible to report the results regionally, although the 
regional differences in Finland are rather small and the average values can also be used 
(www.proagria.fi). 
 
Pasture use and outdoor exercise 
 
Of the main animal groups, dairy cows and possibly heifers are the only ones with 
significant feed intakes from pasture. Based on national average, pasture comprised 9% 
of annual energy intake of dairy cows in 2007 (www.proagria.fi). Not all farms use 
pastures, but, according to the animal welfare regulations, dairy cows must have access 
to exercise. If pastures are not used, this may be done in outdoor yards, or, in the case of 
a loose housing system, cows may not be let out at all. 
 
Pigs and poultry may, in some cases, for example, in organic production, be let outside, 
but, even in those cases, the proportion of pasture comprises a negligible portion of total 
feed intake. If necessary, animals can be kept inside as is done for poultry during the 
spring to prevent exposure to possible bird flu viruses. 
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Water consumption 
 
There is not much information and no statistics on water consumption of farm animals 
in Finland. Textbook values can be considered applicable (Table 8-3). 
 
Increasing environmental temperatures will increase water consumption due to 
evaporative losses. The values presented above refer to a temperature range of 16–20ºC. 
The moisture concentration of the feeds used affects the water requirements. 
Consumption of pasture grass or less dry silage will reduce water intake. 
 
Water consumption of poultry can be estimated as 1.7–1.8 × feed consumption (kg FW) 
for all animal groups. (www.farmit.net).  
 
Table 8-3. Water consumption of cattle and pigs (Greenhalgh et al. 2002). 
 
Animal group  Water consumption L/d 
Dairy cow yielding  10 kg/d 92 
20 kg/d 104 
30 kg/d 116 
40 kg/d 128 
Non-lactating cattle  8 L/kgdw intake 
Growing pigs 15 kg live-weight 2 
90 kg live-weight 6 
Non-lactating sows  5–8 
Lactating sows  15–20 
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8.4  Special production  
The area of domestic gardens in Eurajoki is 3 ha, and the area of greenhouses 1 ha. In 
Southern Satakunta there are 9 ha of greenhouse production and 19 ha of domestic 
gardens. The data from the horticultural sector includes also commercial greenhouse 
production (Puutarhayritysrekisteri 2008). There are about ten professional greenhouses 
in Eurajoki and close to 150 in Satakunta EEDC. In Satakunta EEDS, fifty greenhouses 
that produce vegetables like cucumber and tomato account for 70% of total greenhouse 
area. Thus, greenhouses growing flowers have smaller cultivation areas. 
The most important food or feed companies are located in Eura or Säkylä near Lake 
Pyhäjärvi. The sugar-processing factory of SUCROS is now the only sugar 
manufacturer in Finland, and thus all cultivated sugar beet in Finland (470,000 t) is 
transported to Säkylä. Lännen Tehtaat Oyj is a manufacturer of frozen vegetables and 
processes 28,000 tonnes of agricultural products from Satakunta and Varsinais-Suomi 
provinces. Three different companies processing meat use approximately 79,000 tonnes 
of animal production from Satakunta and Varsinais-Suomi. The companies processing 
animal feed are processing by-products from the sugar and vegetable production. A 
company growing mushrooms uses 7,000 tonnes of straw for its growing media. Biolan 
Oy is processing poultry manure for soil improvers and organic fertilisers. 
 
In Southern Satakunta, there are two waste treatment plants that treat industrial, 
municipal or household waste so that it can be used in agriculture as fertiliser or soil 
improver. The biogas plant in Köyliö treats municipal sludge from the nearby areas and 
wastes from the neighbouring food companies. More than 20,000 tonnes of organic 
waste is treated annually. In Rauma, 9,000 tonnes of municipal and industrial sludge is 
treated annually. 
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9   OTHER ANTHROPOGENIC LAND-USE 
In this report, natural ecosystems refer to ecosystems only moderately affected by 
humans. In Finland, practically all areas have been affected not only indirectly (like by 
deposition) but also directly (e.g., forestry) at least to some extent in the recent history, 
including the present nature conservation areas. This chapter is on the areas of 
significant human effect, excluding agriculture (discussed in Chapter 8). Larger urban 
areas, cities, are left from the discussion here, since the focus is on the area around the 
Olkiluoto site and on the broad context of the expected future exploitation potential of 
the site. In the area of interest, only the densest areas in the town of Rauma, 13 km 
south of Olkiluoto, really exhibit the characteristics of fully urban environment. 
 
9.1  Common properties  
Fields in the area around Olkiluoto are mainly concentrated on clayey soils in valleys of 
rivers Eurajoki and Lapinjoki. Settlement is located at the margins of open areas, hills 
or by riversides. Eastern parts of the municipality of Eurajoki have a field-dominated 
landscape, whereas seaside is dominated by rock areas and forests, with fewer and 
scattered fields. A relatively small percentage of the area is built (Figure 9-1). The 
nuclear power plant and the related activities on the Olkiluoto Island are by far the most 
significant industrial activities on the area (see Tables 2-4 and 3-3 for land use in the 
vicinity of Olkiluoto and in the larger Reference Area), in addition to the somewhat 
remote pulp and paper industry area in Rauma. 
 
The focus of the population has changed throughout the centuries and some distinct 
centres have formed on the lower and central reaches of the River Eurajoki, where the 
centre has grown into a contiguous population centre. Lapijoki has also grown, whereas 
many of the old villages have regressed. The majority of inhabitants live in the more 
densely populated centres (see also Figure 3-7). While regional planning has partly 
directed construction to the central areas, other villages have maintained some of their 
old qualities (Heino 1987, 1990, 1992). One significant feature in the settlement pattern 
at the coasts and islands is the growing number of summer cottages (Heino 1987, 1990, 
1992). 
 
As areas become more urban the soil properties change. Often the ground is artificial 
and coarse. Trampling, sewage, buildings and paving change the water content of the 
soil, which often is lower than in a natural state. Thus, the groundwater level is lower. 
Further urbanisation increases precipitation and runoff and decreases evapo-
transpiration, and the greatest changes are related to formation of storm water runoff on 
extended areas of paved and impervious surfaces (Kotola & Nurminen 2003). There is 
also a different composition in the runoff water; the pollutants in urban runoff originate, 
for example, from traffic, construction sites, industry, use of chemicals, littering and 
decreased infiltration of atmospheric deposition (Kotola & Nurminen 2003). 
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Figure 9-1. Anthropologic environment other than agriculture around the Olkiluoto 
site. Map layout by Jani Helin/Posiva Oy. 
 
9.1.1  Conditions for wildlife 
When e.g., paths are formed or roads constructed, plant roots obtain less oxygen, and 
the former tree stands die due to contraction of soil and standing water. Various 
substances are released to the soil: oil, road salt, flush waters and chemical deposition 
from air, which hinder the growth of many plants. In addition, the soil is deprived of 
nutrients if all litter is removed. On the other hand, managed green areas receive 
nutrients and many are regularly fertilised, but these nutrients are not necessarily 
optimal to wild plants. Removing snow cover deepens the frost layer, which may kill 
plant roots. Construction or making openings changes the brightness, temperature, air 
humidity and wind conditions of the areas themselves and in their surroundings. Trees 
of closed forests cannot tolerate occasional winds and increased evaporation in the 
open; changes in light conditions may be harmful as well. Town centres are slightly 
warmer, less humid and less windy than rural areas. 
 
The ecosystem of yards and parks starts changing after new vegetation is planted, but 
succession is interrupted by maintenance. The stability of the ecosystem is sustained by 
human activities. Generally, only abundant, widely spread species or those favoured and 
cared for by humans thrive. Different species can be found depending on the age of the 
settlement. Historically, the abundance of species representing the agrarian period has 
diminished and biodiversity declined during the industrial period, mainly due to the 
decrease of manure-producing animals and vegetable gardens, improved environmental 
health, cutting of lawns, paving and the use of herbicides. 
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Annual plants colonise places where the vegetation cover is broken. The vegetation on a 
treaded ground consists of a few low species and is very similar in composition 
regardless of location. Perennial, higher grass vegetation grows on yard areas with less 
trampling. The places where treading is intense have no vegetation cover or are kept 
uncovered by weeding or applying herbicides. 
 
Due to the many similar ecological niches of (moderately) constructed and natural 
areas, the fauna consists of few species with large numbers of individuals, a good 
spreading ability and weak competitive ability. The biomass of animals is 
characteristically large compared to that of vegetation. However, on an intensely 
treaded ground the number of insects is low, and in rocky or thin-soil built areas next to 
buildings, few insect and mammal species find their nutrition. Lawn areas provide 
habitats for some insects. 
 
The original bird species make way to few urban species as towns develop. House 
sparrow (Passer domesticus) is the most common bird in towns and villages. In addition 
to birds nesting on urban areas, many species use them for food sources, especially 
during winters. 
 
9.1.2  Effects of habitat alteration on other systems  
The alteration of habitats presented in previous sections reduces the amount of natural 
habitats, a process that has been going on for centuries in Southwestern Finland. Habitat 
fragmentation and habitat loss are processes that threat the biodiversity and reduce the 
functionality of a landscape. It seems evident, that the effect of habitat loss on 
biodiversity is stronger and more unambiguously negative than that of habitat 
fragmentation. Andrén (1994) estimated that, in most landscapes, the total area of 
suitable habitat is most important. Simulations resulted in a threshold of 10–30% of 
original habitat, below which negative effects of patch size and isolation may occur. 
The process of habitat fragmentation consists of four types of effects: 1) reduction in 
habitat amount, 2) increase in number of habitat patches, 3) decrease in sizes of habitat 
patches, and 4) increase in isolation of patches (Fahrig 2003). The relative importance 
of these different effects varies according to the proportion of suitable habitat in the 
landscape, and both positive and negative effects have been reported. The negative 
effects are mainly caused by fragmentation creating a large number of smaller patches, 
and increased edge effects. The positive effects can be due to several factors, for 
example, the subdivision of habitat enhancing the persistence of a predator-prey system 
or the stability of a two-species competition, or stabilising single-species population 
dynamics when local disturbances are asynchronous by reducing the probability of 
simultaneous extinction of the whole population. (Fahrig 2003). 
 
According to so-called metapopulation theory, habitat plots suitable for a species are 
inhabited by subpopulations of the species, and together these subpopulations form an 
interacting web, a metapopulation. Individuals can migrate between subpopulations, and 
thus the population dynamics operate at two levels, within patches and between patches. 
A subpopulation can stay viable in a plot, which in itself could not in the long-term 
sustain a viable, reproducing population, if there is another plot nearby from which new 
individuals migrate to the sub-optimal plot. This forms a so-called source-sink dynamic 
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between these two plots. Local extinctions are also a key concept of metapopulation 
theory: subpopulations within the metapopulation can (and frequently do) become 
extinct, and, at any given time, the species may be absent from several habitat plots 
within the area. Colonisation by individuals from nearby patches then restores the 
subpopulations. This means that connectivity, allowing migration between 
subpopulations, is a vital aspect of a functioning landscape structure. (Begon et al. 
2006). 
 
The remaining natural habitats (forests, mires, sea shore meadows, water bodies) are 
managed by human as well. For instance, the most extensive ecosystem, forest, is 
mainly in commercial use and the commercial forests differ significantly from natural 
forests. The age distribution of trees is more even, there are less deciduous trees, dead 
and burnt wood. The average forest patch size has decreased due to clear-cuttings, and 
forest areas have been fragmented, which makes the natural spreading of species more 
difficult (Karvonen et al. 2001).  
 
9.2  Openings 
In the landscape, several types of openings are made and kept open by people. Yards 
from rigorously maintained lawn to meadow-like or thinned forest-like vegetation 
surround the dwellings both in the rural area and in denser villages and towns. On some 
properties, there are also kitchen gardens and orchards that are discussed in this report 
in connection to agriculture (Chapter 8), as are meadows and pastures. In the area close 
to Olkiluoto, parks are scarce. The paved openings are discussed in the next section. In 
Olkiluoto and its surroundings, the power line corridors form a significant type of 
landscape of their own. 
 
The power line network is dense in the whole industrialised Satakunta region, and 
especially in and near Olkiluoto with its power production (Figure 9-1). When power 
lines run through forest areas, specific habitats with low, bush-dominated vegetation are 
maintained in the corridors, cutting the habitats of a number of small-sized species of 
fauna. In Olkiluoto, the vegetation under the main power line resembles semi-natural 
grass and shrub land as it is grassy and rich in herbs and shrubs (Miettinen & Haapanen 
2002): juniper (Juniperus communis) has benefited from the removal of trees and covers 
large areas. Birch bushes are even more numerous. Openness has added to the amount 
of grasses, and dwarf shrubs have escaped under the bushes. 
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Figure 9-2. Main power line corridor, about 100 m wide, cut into a forested area in 
Olkiluoto (left) and a typical rural house yard with several generations of buildings 
(right). Photos by Helifoto Oy. 
 
Characteristically, the openings are formed by cutting down the earlier vegetation or by 
restraining from planting. Some walking or driving tracks usually are formed. In yards 
and parks the surface soil might be modified to provide better conditions for the lawn 
and other plants, and sometimes the terrain is evened out (e.g., Fig. 9-2). Hydrology is 
not much affected; the effects relate mainly to the change in the vegetation and 
contraction of soil in some areas. 
 
All these open areas offer shelter for some species adapted to cultural landscapes or 
open, sunny habitats. Treading erodes the vegetation and soil of the paths. The water 
storage capacity diminishes as the soil is contracted. The nutrient content is altered as 
well. More sensitive plant species are replaced by ones that tolerate treading and other 
changes in the forest habitat. New species are spread to the remaining forest areas along 
the pathways with human activities. Their diversity and density are higher near cultural 
areas, but along busy paths, human-introduced species can be found deep in the forest. 
(Raatikainen 1981). 
 
The yard and park vegetation near residential and business areas differs greatly from 
natural vegetation: typical species of newly cleared areas are annual weeds and some 
grasses. In a few years this patchy and rather sparse pioneer vegetation is taken over by 
more stable vegetation, which varies greatly in composition. Most of the original forest 
or mire vegetation has been replaced by cultivated species, which also tend to spread 
outside the managed areas. The vegetation often consists of a single-storey, meadow-
like cut grass. Lawns do not usually tolerate intense trampling, and species from the 
surrounding environment spread to them without prevention measures; if the lawn is 
regularly fertilised and cut, only few species thrive on them, and even they rarely 
blossom. Though trees often grow on yards, woody plants are sparse compared to areas 
in a natural state, they are often old and may suffer from polluted air. Birch is the most 
common species. Backyards, plot boundaries and areas next to buildings are exposed to 
less utilization and accumulate a considerable amount of nutrients. Tall herbaceous 
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plants with high productivity grow on these places unless the areas are taken care of. 
(Raatikainen 1981). 
 
9.3  Constructed areas 
Constructed areas with a larger effect on the hydrology include larger paved areas, like 
parking lots and bigger yards, buildings, town centres and industrial and commercial 
areas. In the surroundings of Olkiluoto these are rather few, except for the scattered 
buildings and the municipality centre, but in Olkiluoto itself the industrial area of the 
nuclear energy production and its supporting functions form some islands of urban 
environment also in respect of hydrology. Energy and other commodities are brought to 
this kind of areas from outside; the open, artificial cultural ecosystem is not self-
sustained. A small share of the solar energy is captured, as vegetation covers a minor 
proportion of the land area (Raatikainen 1981). Also water construction, like piers and 
constructed shorelines – and in case of Olkiluoto the power plant cooling water 
channels – would belong to this class of human-made environment. However, they are 
rather versatile when affecting largely to the environment, and thus not discussed here. 
 
The constructed areas are usually covered with asphalt or compacted gravel, to some 
extent also with concrete and stones. In some cases, especially for buildings and on less 
load-sustaining soils, exchange of land masses is needed, which may extend to a depth 
of several metres. All these areas are usually drained, often with a sub-drainage system. 
 
In the constructed areas the impervious surfaces are common, which increases surface 
runoff and decreases infiltration, soil water storage capacity and interception of 
rainwater by vegetation. Drainage and sewage systems increase the sub-surface runoff 
rate and its variability: in natural areas runoff form when the rain event is long or 
intensive enough, but in largely impervious areas (such as parking lots), the decreased 
storage capacity may cause all the rainfall to be removed immediately as surface runoff 
regardless of the rain event duration or intensity (Metsäranta 2003). This results further 
in significantly decreased infiltration and sub-surface runoff. In addition to the covered 
areas being impervious, they usually are also rather smooth, decreasing the depression 
storage of the surface runoff; there might be a five-fold difference in the depression 
storage between a garden ground and smooth asphalt (Metsäranta 2003). 
 
The biomass production is much smaller than on rural or natural areas. Uncovered 
patches between built areas, even those rich in nutrition, are low in wild plant and 
animal species, but a large amount of species planted by human lives on these fast 
changing, often also chemically variant areas. Industrial and traffic areas often have 
plenty of open, untended land, on which the original plant species cannot form a 
sustainable vegetation. Many exotic plant species are carried to these areas, some of 
which may form permanent vegetation. Built areas with rocky ground and a thin soil 
often lack groundwater, and the vegetation suffers from drought especially during early 
summer, and these areas often become mossy. Few insect and mammal species live on 
these areas mostly due to scarce nutrition. Decomposition activities are different in 
constructed and natural ecosystems: the abundant degradable material from the former 
is transported to landfill sites and waste treatment plants, from which part of the 
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substances are returned to the circulation or dumped, usually rather far away from the 
site of the production. (Raatikainen 1981). 
 
The fauna in constructed areas having some natural-like patches consists of few species 
with large numbers of individuals, a good spreading ability and weak competitive 
ability. The biomass of animals is large compared to that of vegetation. Food is more 
evenly available throughout the year, suitable shelters for animals are abundant and 
predators fewer than on natural areas. Herbivorous animals live on the margin areas and 
in the diverse, layered vegetation mosaic of suburban areas. Carnivorous species are 
rare. (Raatikainen 1981). 
 
9.4  Traffic network 
The national main road no. 8 intersects the Eurajoki municipality with a 14 km sector. 
Southern-southwestern parts of the municipality (near the central village, Figure 9-1) 
have a relatively dense network of smaller roads. The oldest roads have evolved from 
the paths used by larger animals, people and cattle, and usually connected the farms and 
fields. Paths in heavier use have been cleared, straightened and broadened. As an 
example of this kind of development, the coastal road around Gulf of Bothnia was 
established already in the Middle Ages, first as narrow path, later widened for riding 
and carriage. With the industrialisation, the route was gradually straightened, enabling 
parts of the historical road to remain to the modern day. In some locations, the road has 
been displaced by newer, easier route, but the original road embankment can still be 
seen in the present-day forest (Häyrynen & Lähteenmäki 2009). 
 
Roads are mainly paved or covered with compacted gravel (Figure 9-3). In places, the 
roads are situated on artificial gorges or ridge-like embankments. The ground of the 
inner embankments is usually gravel, whereas that of the outer embankments is more 
varied and closer to the original soil at the place.  
 
In addition to the road network, a blind railway branch from Tampere to the west, to 
Rauma via the Kokemäki branching site, runs through the southern parts of Eurajoki. 
Railway embankments are artificial ridges, with coarse, dry, acid mineral soil low in 
nutrient content. The upper part of the railway embankment is often covered with rubble 
(Figure 9-3). 
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Figure 9-3. A single-lane paved road, a gravel road and a railroad typical to the region 
(from left to right). Photos by Ari Ikonen/Posiva Oy (June 2009). 
 
 
The impervious surfaces of the road network usually cause a larger change to the 
hydrology than buildings: the total area is often large and the surface runoff is directed 
to ditches (and in urban environment to the sewers), whereas especially in the less 
densely built areas the surface runoff from the roofs and yards is conducted to the 
pervious areas close by (Metsäranta 2003). 
 
On the road embankments, the vegetation is cut and tree saplings are killed chemically. 
In addition, snow melting and dust controlling agents, dust and snow banks alter the 
vegetation. Also railway embankments have sometimes been kept uncovered 
mechanically, by burning or applying herbicides. The upper part of the embankment is 
anyway a very poor growing site. 
 
Grass is grown on the edges of paved roads, but many other perennial plant species 
have typically spread from the surrounding areas. The roadside flora and fauna reaches 
a human-maintained stability. Due to relatively gentle slopes, there is no major 
difference between embankments facing south and north. During winters, birds feed on 
garbage, and in springtime, many migrating birds visit them. (Raatikainen 1981). 
 
Rubble-topped railway embankments support little vegetation. If the embankments are 
covered with mineral soil, the vegetation is unstable and uneven. However, most of the 
embankment areas consist of well developed and stable, human-controlled vegetation. 
Furthermore, vegetation is rather homogeneous due to the soil properties. Differences in 
vegetation are caused by the location, age, orientation and height of the embankment as 
well as the surrounding vegetation. Perennial herbaceous plants are typical, fireweed 
(Epilobium angustifolium) and meadowsweet (Filipendula ulmaria) being common 
species. On young embankments, the vegetation is sparse and patchy. (Raatikainen 
1981). 
 
The insect species of road and railway embankments resemble those of forest clearings 
and young sapling stands. Since these areas are narrow and small, no distinct bird 
communities are formed, though white wagtail (Motacilla alba) and Northern wheatear 
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(Oenanthe oenanthe) are commonly found, as well as other local birds, depending on 
the surrounding environment. On the southern banks, especially when they are wider 
and more open, there are few insect species due to the dryness. Overall, diverse exotic 
species, mainly invertebrates, have been carried to railway areas by trains. (Raatikainen 
1981) 
 
 
9.5  Use of natural resources 
The natural resources are used in many ways. Agriculture, forestry and use of non-wood 
forest products have been described elsewhere in this report. Here, the focus is on other 
uses of natural resources that are most relevant from the point of view of the effect of 
potential releases from the spent nuclear fuel repository. 
 
In the area around Olkiluoto, there are some quarries and soil extraction (gravel, sand, 
peat), but the industrial area on the Olkiluoto Island is the most significant in this 
respect as well: there are several landmass and excavated rock piling areas, landfills, a 
rubbish dumping area (and a closed one). 
 
Additionally, at the moment, water from rivers Eurajoki and Lapinjoki is used for 
example by the city of Rauma and the forest industry in the area. During dry periods, 
water is directed from River Kokemäenjoki to River Eurajoki and further to River 
Lapinjoki. There is also a number of dams for various uses in the rivers, and according 
to forecasts of land uplift, there would be some potential for hydropower near the 
repository site farther in the future. Such considerations would require to be conveyed 
through the entire biosphere assessment modelling chain as they change the landscape 
in large areas. 
 
Landfills 
 
Landfills are used for landscaping and building traffic infrastructure. Also some new 
area for industry and harbours has been created by filling the sea with earth. Another 
type of landfills is dumping sites. In the past decades there may have been small private 
dumps in Olkiluoto Island. Now, only the only known dump sites are those of the power 
plant. The older has been shut down and is being landscaped, and a new, modern-built 
has been taken into use (Figure 9-4). They, of course, change the hydrology and, 
especially in the case of dump sites, possibly also the chemistry of groundwater, but due 
to the nature of landfills, they cannot be described in this respect in the general level.  
 
There are also other landmass piling areas, most of them temporary. In Olkiluoto, for 
the construction of the new power plant unit and the underground rock characterisation 
facility (ONKALO), there have been some soil dumping areas, which have now been 
enlarged, and a rock piling and crushing area that is still active (Figure 9-4). The former 
apparently remain permanently, but on the latter, the amount of materials in the heaps 
varies much. Thus, a generic characterisation of these land uses in terms of hydrology is 
not meaningful; the areas with traffic get contracted and are similar as those described 
above, and the rest vary between impervious and nearly-natural open areas. 
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Figure 9-4. First lots on the new garbage dump of the Olkiluoto power plant, with the 
modern basement surface still visible at the front (left), and an example on heaps of 
excavated and crushed rock in the rock piling area in Olkiluoto. Photos by Ari 
Ikonen/Posiva Oy (July 2008). 
 
After the active use or maintenance, vegetation colonises these areas as described above 
for the other barren sites. The closed landfills are usually landscaped, and the surface 
soil and vegetation gradually develop into a forest-like state. Some of these areas may 
be developed into parks. 
 
Quarrying and soil extraction 
 
Soils and rock have been used in earthworks and building material for a long time, and 
the trend is increasing. Old gravel and sand pits are located in easily approached places, 
near villages and roads, but on the other hand in the area around Olkiluoto there have 
been only few deposits of suitable sorted soils; the very common till is too unsorted and 
stony for most of the end-uses. Instead, there is a rock quarry southeast of Olkiluoto 
Island (lower right corner of the Model area in Fig. 9-1) that produces various grades of 
rubble and gravel. For cut stone in building, the bedrock in the area has less favourable 
properties. In Finland, peat extraction for fuel (and horticulture) is rather common. 
However, given the small-sized and young mires, there have not been any profitable 
deposits near Olkiluoto; the closest peat extraction site is about 20 km to the east. 
 
The closed quarries and soil pits are nowadays landscaped rather similarly as landfills. 
In the earlier decades, however, many of them were left as they were when the 
extraction ceased. Because of bare mineral soil, steep slopes and contracted traffic 
areas, the colonisation by vegetation is slow, but eventually it will more or less 
resemble similar soils elsewhere. Rock surfaces gain their typical vegetation easier. 
 
Hydropower 
 
Hydropower represents a major share of all renewable energy generated, and very likely 
continues as a viable source of energy in the future. The benefits include a secure water 
supply through the option of storing energy, flood control and irrigation for food 
production. The negative environmental impacts of hydropower production are mainly 
local, caused by the building of dams and reservoirs. The environmental impacts during 
the production are mainly caused by the water level regulation, which may affect fish 
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populations, recreational activities and the overall ecology of the area. There is also a 
possible conflict of interest between different uses of water: hydropower generation, 
industrial and agricultural needs, as well as sustaining a vital fish stock.  
 
The potential for hydropower depends on the available discharge of a river and the 
difference of water levels. Discharge, in turn, is affected by the amount of precipitation 
and the geology and land use of the catchment area. In addition to socio-economical 
factors, the profitability of new hydropower plants depends on the size and location of 
the unit as well as the regulation capacity and lake percentage of the watershed. Due to 
developing technology, the efficiency has improved. Though plants with small drop are 
generally less efficient, there is a significant potential in small scale hydropower in the 
future (www.motiva.fi). 
 
The present discharges of rivers Eurajoki and Lapinjoki are rather small. There are 
several dams, though, in both rivers (Tables 9-1 and Table 9-2), most of them being 
rather small (e.g., Figure 9-5). In addition, a former dam at Pitkäkoski Rapid in Eura has 
been registered as vanished (www.ymparisto.fi). The theoretical present power gain of 
the rivers is 4 and 0.9 MW, respectively (www.motiva.fi), whereas the actual combined 
power of the generation in Eurajoki is under 1 MW. 
 
Table 9-1. Dams at present in the River Eurajoki (www.ymparisto.fi). 
 
Municipality Site name Usage Dam height (m) 
Dammed water 
volume 
Eurajoki Turajärvi Overflow/submerged 0  
Eura Kauttua Dam Watershed regulation 11 Large 
Kiukainen Eurakoski Watershed regulation 1.5 Medium 
Eurajoki Irjanteenkoski Mill/sawmill 1 Small 
Eurajoki Pappilankoski  Power plant 4.2 Medium 
Kiukainen Harolankoski Overflow/submerged 0.6 Small 
Yläne Vanhakartano Rapid Overflow/submerged 1 Medium 
Säkylä Visserinkoski Overflow/submerged 2 Small 
Säkylä Mill museum Museum 1.5 Small 
Säkylä Kivikoski Watershed regulation 2  
Kiukainen Myllyporras (Panelia Village) Mill/sawmill 2 Small 
 
Table 9-2. Dams at present in the River Lapinjoki (www.ymparisto.fi). 
 
Municipality Site name Usage Dam height (m) 
Dammed water 
volume 
Lappi Narvijärvi Dam Watershed regulation 1.8 Medium 
Eura Koskeljärvi, eastern Watershed regulation 1.5 Medium 
Eura  Koskeljärvi, western Watershed regulation 1.5 Medium 
Eura Koskeljärvi, by-pass channel Watershed regulation 1.5 Medium 
Eura Ylinenkoski Watershed regulation 1.1 Small 
Eurajoki Jurttilankoski Mill/sawmill 1.3 Small 
Lappi Lapinkoski Power plant 6 Medium 
Eurajoki Huiskonkoski Watershed regulation 1.1 Small 
Eura Vehmaankrekulankoski Overflow/submerged 0  
Eura Kirkkokoski Overflow/submerged 1 Small 
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Figure 9-5. The western dam of Lake Koskeljärvi, June 2007. Photos by Ari 
Ikonen/Posiva Oy. 
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10  LONG-TERM TRANSPORT AND ACCUMULATION PROCESSES 
In this chapter, the processes affecting transport and accumulation of matter in the 
ecosystems, specifically carbon, in the long-term are discussed and quantified with 
mainly site data to the extent possible, although lack of time in the overall programme 
has also limited the extent – improvement is one of the main foci of the following 
version of biosphere description planned for 2011. The long-term here is understood in 
the context of biosphere assessment and its second target period, the era from the 
beginning of releases from the repository to the biosphere (some millennia after 
present), see Section 1.2.4: diurnal and shorter seasonal variations are not meaningful to 
be modelled in detail due to the overall uncertainties, but they should be covered by the 
longer-term averages and ranges of data. 
 
In the following sections on terrestrial and aquatic ecosystems, first the overall 
ecosystem structure and long-term transport processes are presented as transport 
matrices (see description of the way of presentation below) and the processes are briefly 
explained. Secondly, the matrices are quantified with site and site-relevant data as far as 
possible for each sub-type of ecosystem. At the end of this chapter, the terrestrial and 
aquatic transport matrices are tied together with a shoreline system matrix; this forms 
the level of landscape in essence. Since most of the processes and system components 
are similar in the different ecosystems, they are explained on their first occasion only. 
 
Effects of the post-glacial land uplift are rather difficult to be shown in the matrices or 
taken into account in mass balance and flow calculations. Terrestrialisation by its 
different mechanisms (e.g., Haapanen 2007b and Chapter 5 in this report) transfers 
aquatic sediments to the domain of the shoreline system matrix, and further from the 
hydrolittoral to the geolittoral, and finally into the terrestrial soils. Flora changes due to 
changes in growing conditions, and all these changes affect the suitability of the habitats 
for fauna – these are not represented in the matrices directly, as is not the fast movement 
of water masses from the hydrolittoral to the remaining aquatic systems either. 
 
Transport matrix presentation 
 
The interaction matrices (Hudson 1992) are a compact way to systematically describe 
features and their interactions or other relationships between them. In our approach, the 
features shown in the leading diagonal elements of the matrix (components; Fig. 10-1) 
correspond to the main storages of matter in the ecosystems. For the interactions 
between them, in the off-diagonal elements in the matrix, transport processes are 
presented. In this case, only the significant processes related to the transport of matter, 
specifically the key radionuclides (Section 1.3), between the components in the long-
term (i.e., in time scales longer than the seasonal variations) are included. In addition, 
some other transport processes, that might be significant in a specific case or otherwise 
are important to consider when making radionuclide transport models for the Olkiluoto-
specific biosphere assessment, are presented in parentheses. 
 
 
246 
 
Compo-
nent 1
Compo-
nent 2
Compo-
nent 3
0 1 2
0
Compo-
nent 1 A 0
1 B Compo-nent 2 C 1
2
Compo-
nent 3
2
0 1 2
AB
C
 
 
Figure 10-1. Reading order of an interaction/transport matrix compared to similar 
system represented by a box-and-arrow diagram. 
 
In the matrices, the components are on the diagonal elements, and the transport 
processes on the off-diagonal ones. In the example of Figure 10-1, the process 
transporting matter from Component 1 to Component 2 is located in the crossing of the 
row of the component of the origin of mass flow and the column of the receiving 
component (A); the reading order is clockwise. Respectively, in the figure, transport 
from Component 1 to Component 3 is mediated by a storage in Component 2: both 
processes A and C take part, with some returning mass flow of B. If there were a 
process in row 0 and column 2, it would imply a direct transfer from Component 1 to 
Component 3, not presented in the figure. The same system can be presented with a 
box-and-arrow diagram shown on the right side of the figure, but for large systems with 
many interactions, the matrix presentation is usually clearer and more compact. 
 
10.1  Terrestrial systems 
10.1.1  Overall transport matrix 
Figure 10-2 presents the overall transport matrix of terrestrial ecosystems, applicable to 
forests, mires and agriculture. As the sub-types of terrestrial systems vary by nature, 
some of the components and processes are not present or significant in all of them. 
Respectively, some of the less significant processes marked with parentheses might be 
of importance in some specific cases (e.g., for some specific radionuclides). 
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Figure 10-2. Overall transport matrix in terrestrial ecosystems. 
 
The terrestrial system is connected to the external systems of Atmosphere, Shoreline 
system and Bedrock with a number of processes. The connection to the Bedrock is of 
highest importance: it is the main route of possible contamination arriving with the 
groundwater from the deep repository. Atmosphere includes in this context both the 
region below the plant canopy and the region above it, as far as relevant in the different 
applications. The Shoreline system connects the terrestrial system to aquatic systems, 
see Section 10.3. 
 
The main component in the terrestrial matrix is the Soil, the unconsolidated mineral and 
organic material that provides water, nutrients, support and habitat to the flora and 
fauna. The functionality of the Soil compartment is presented in more detail in its own 
sub-matrix, Fig. 10-3. However, no strict division of the abiotic material and microbial 
activity has been attempted. In places, the Soil can be very thin or nearly missing and 
the bare Bedrock substitutes the Soil layer; in that case part of the processes to and from 
the Soil should be attributed to the Bedrock component instead. This is less relevant 
situation for the radionuclide transport situations, and thus no modified version of the 
matrix was compiled. 
 
The Plants provide the primary production in the system. They consist of roots (fine 
roots including mycorrhizae, and other roots), stem (in some plant families further bark 
and wood), foliage and fruits, seeds and/or flowers. Translocation of matter between 
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these sub-components might be of importance in some applications, but due to 
balancing the level of detail, they are not discussed here.  
 
By senescence and death, the plants form the Litter layer, into which also freshly dead 
plant material and pollen and seeds have been included in this presentation. As the 
remains of roots, by our definition Litter is found also within Soil. The Litter is further 
processed by Decomposers, i.e., microbes, fungi (fruit bodies included here) and 
detrivorous fauna, to further provide the Soil with organic and inorganic matter. 
 
Animals in the matrix denote the wild fauna other than detrivores, living both on Soil 
and burrowing within it. Also birds and other avian fauna are included as they affect the 
mass fluxes in the terrestrial system. Livestock kept by Man is represented separately 
due to the different habitats and food sources. The compartment of Man includes also 
the anthropogenic storages, not only the human as an organism. Together with 
Livestock, Man forms a terrestrial sub-system, present in the other ecosystems only by 
activities of Man. 
 
The most important processes of long-term transport of matter in the terrestrial system 
comprise of the following: 
 Bioturbation; the redistribution and mixing of Soil (or Sediments) by plant roots 
and burrowing (digging) animals. 
 CO2 uptake; an integral part of photosynthesis, where the C-14 in the 
atmosphere is directly incorporated into plants. Also, other gases and vapours 
can penetrate directly into plants through the stomata and be taken up by the 
plant metabolisms (e.g., sulphur and selenium; IUR 2006). 
 Crop protection includes number of actions, e.g. weeding and application of 
pesticides and herbicides. The direct effect on mass balances is usually small, 
but there can be significant (either suppressive or promotive) effect on actual 
transport processes. 
 Capillary rise; upward movement of water through unsaturated Soil layers as a 
result of capillary forces related to evaporation and transportation. The rise of 
water in a capillary fringe may cause the upward migration of dissolved 
radionuclide solutes and possible mineral precipitation or dissolution at the edge 
of the capillary fringe (IUR 2006). 
 Deposition; removal of material (mainly aerosols) from the atmosphere onto 
surfaces by precipitation, occult deposition from mists, or gravimetric or 
diffusive deposition (dry deposition), affected by particle formation processes. 
Deposition of same or competing elements can affect significantly the overall 
mass balances and fluxes of radionuclides in the system. 
 Excretion by (and carcasses of) animals; return of material after passing through 
the gastrointestinal tract, usually organic, but in some cases also inorganic 
matter (such as ingested soil particles; IUR 2006). Especially in the case of long-
lived radionuclides, the intake by an organism cannot be considered as a 
permanent removal process from the other compartments. 
 Feed; feed for livestock from external sources or storages, see Section 8.3. 
Concerning the radionuclide transport, this has usually a diluting effect. 
 Fertilisation; the application of artificial fertiliser to enhance crop productivity. 
The direct effect to mass balances is usually small, but there is significant effect 
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on growth of plants and related processes (e.g., CO2 uptake, root uptake, 
transpiration). 
 Food source; transport from the source compartment for food of fauna or Man. 
All the storage of the source compartment is not necessarily edible, e.g. from 
decomposers only some fungal fruit bodies are consumed. 
 Gas exchange between the different components; can happen by various 
mechanisms such as evaporation, diffusive exchange, pressure pumping and 
degassing (volatilisation) from Soil (IUR 2006). The pressure pumping is a 
result from changes in air pressure in the Atmosphere forcing gas into or out of 
the air-filled pores in Soil. Radionuclides such as C-14 and Se-79 have a 
potential to be involved in degassing from Soil (e.g. Smith 2008), as well as Cl-
36, I-129 and Sn-126. 
 Groundwater (GW) discharge; the main pathway of the releases from the 
repository to enter the biosphere. 
 Ingestion; incorporation of matter in water, food or other substances into the 
body. Animals (and to a minor extent Man) may deliberately or adventitiously 
ingest Soil and, therefore, soil microbiota, soil solution and soil inorganic 
matter.  
 Intake; incorporation of water or other substances into an organism. Nutrients 
and radionuclides in the Soil atmosphere may be directly available for uptake 
and incorporation in soil microbiota, but this is likely to be secondary compared 
with uptake from soil solution (IUR 2006). Also soil organic matter may be 
directly utilised as a substrate by soil microbiota. In the matrix, to save space for 
clarity, the intake is used also for ingestion of senescent vegetation by 
detrivores. 
 Irrigation; use of groundwater (from Soil or Bedrock) or surface freshwater to 
supplement the rainfall to gardens and croplands. In the matrix, the irrigation 
water and material in it is applied directly to plants (and some part of it to Litter 
and exposed Soil). However, strictly, spray irrigation occurs via the Atmosphere 
(IUR 2006). 
 Leaching; removal of soluble materials from a zone in Soil (or Sediment) to 
another by soil solution movement (IUR 2006). 
 Litterfall, includes also falling of branches and other dead wood, even whole 
trunks, and released pollen and seed; during senescence and death, plant material 
enters the Litter. 
 Manure; application of manure affects similarly as fertilisation, see above. In 
this process in our system description, also manure directly from the livestock 
on pasture is included. 
 Mineralisation (and co-precipitation) involves the assembly of dissolved 
elements into a crystalline lattice to form a solid phase (IUR 2006). 
 Planting of seeds, seedlings, stolons or shoots introduces new Plants to the 
system, thus affecting to the rates of Plant-related processes. 
 Rainfall (rain, snow, hail etc.) is part of the natural hydrological cycle and is 
important in terms of hydrological balance. It affects also to the rate of 
deposition (see above). 
 Resuspension; solid inorganic and organic matter and microbes may be 
resuspended to atmosphere by wind and activities of Man and Animals. 
250 
 
 Root exudation and channelling, including also root respiration; roots penetrate 
the Soil (or Sediment) and may cause biological weathering. The roots release to 
the Soil (or Sediment) compounds, which have a role in mobilising nutrients and 
other elements for plant uptake. Respectively, roots release also gases to the Soil 
(or Sediment). 
 Runoff, or through-flow; the sub-horizontal flow of soil solution. 
 Soil preparation on croplands; similar to the bioturbation but caused by the Man. 
 Terrestrialisation by its different mechanisms (e.g., Haapanen 2007b) and 
Chapter 5 in this report) transfers aquatic sediments to the domain of the 
shoreline system matrix, and further from the hydrolittoral to the geolittoral, and 
finally into the terrestrial soils. 
 Throughfall; effect of canopy to the composition of rainfall. Some elements are 
taken up directly from the deposition, and others are leached from the canopy 
and transferred to the ground (Section 3.3). The water intercepted by the canopy 
affects to the water balance. 
 Uptake (root uptake); uptake of water, nutrients and other elements from soil 
solution and soil particles by sorption to roots. Both active and passive uptake 
occurs, and mycorrhizal associations are important. Plants can also contain inter-
connected gas pathways (aerenchyma), which are a potential route for gaseous 
substances from the Soil atmosphere to Plants (IUR 2006). 
 
In addition to the most significant transport processes listed above, the following 
processes may have significance in some cases: 
 Adhesion of Soil particles to Animals; this may contribute significantly to the 
external exposure to radionuclides. 
 Degradation; release during the decay of organic matter may result in transport 
of matter that cannot be characterised as reversible (IUR 2006). 
 Drinking; drinking of groundwater from Soil (or Sediments) or Bedrock or from 
surface water bodies results in a significant exposure pathway in some cases. 
However, in Posiva's biosphere assessment this pathway (in case of humans) is 
usually dealt separately from the radionuclide transport model to ensure 
adequate pessimism in the modelling, affected also by regulatory requirements. 
 Exhalation; Animals, Decomposers and Man release matter to atmosphere by 
immediate exhalation of inhaled air and by exhalation of products of metabolic 
processes in tissues. 
 Gas discharge; in some cases the releases from the repository can be gaseous 
when arriving to the biosphere, and this may happen along different pathways 
from the solute transport. 
 Infiltration of groundwater to Bedrock; recharge (percolation) of deeper 
groundwater system by surface waters. Generally this effect decreases the 
amount of bioavailable radionuclides, but the overall groundwater flow domain 
should be taken into account in the radionuclide transport modelling. 
 Inhalation; with the inhaled air, also aerosols, vapours and gases may be 
transported to organisms.  High concentrations of radionuclides in air may build 
up in the excavations of soil-inhabiting macrofauna (IUR 2006). 
 Material use; use of various materials for different purposes, e.g. extraction of 
Soil for building material or landscaping. 
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 Migration of fauna within and across of different ecosystems may be an 
important vector of radionuclides. At least exposure of visiting Animals to the 
radionuclides should be considered in the assessment. 
 Other harvesting; use of Plant material by Man for other purposes than for food, 
e.g. timber. 
 Respiration (and fermentation). Vegetation can release radionuclides to 
atmosphere by respiration (C-14 as carbon dioxide and other radionuclides such 
as Se-79 incorporated in gaseous products of metabolism (IUR 2006)). 
Radionuclides may be released from soil microbial communities in gaseous 
form. This is potentially important for C-14 (e.g. in methane and carbon 
dioxide), but may also be of significance for other radionuclides, e.g. Cl-36, Se-
79 and I-129. Gases can be formed by microbial activity in three ways: direct 
biodegradation of organic materials (which act as a nutrient source); direct 
catalysis of anaerobic corrosion of metals; and indirectly by producing chemical 
environments which cause gas production e.g. production of acids which 
enhance metal corrosion (IUR 2006). 
 Transpiration; the transfer of water from the Soil to the Atmosphere by Plants. 
Passively transported radionuclides (i.e. other than nutrients or xeno-elements) 
are associated to the transpiration flow rather than (active) root uptake. 
 
Figure 10-3 presents the transport matrix of the Soil (and Sediment) sub-system. Its 
components are Humus (upper rooting zone), Lower rooting zone (in the mineral soil), 
Seasonally saturated zone and Saturated zone. The external components are defined as 
in the overall terrestrial matrix above. 
 
Each of these consists of solids, solution and air-filled pores (except in saturated 
conditions) that could be represented by another sub-matrix. Material is transported 
from solids to the soil solution e.g., by dissolving, desorption, diffusion, chemical 
weathering and mineral dissolution. From solution to solids compartment matter is 
transported by sorption and mineralisation (precipitation). In addition, various microbial 
processes work in both directions. Processes related to the soil atmosphere include root 
respiration, gas/ion exchange with the above-soil atmosphere and the soil solution, 
adsorption to the soil particles, intake by microbiota and inhalation by burrowing fauna. 
 
The soil solution, the aqueous medium present in pores of soil (IUR 2006), could 
further be divided into the plain water and particulate and dissolved matter it carries. 
The particles (including colloids) and dissolved substances could, on their turn, be 
divided into compartments of organic and inorganic compounds that have their specific 
characteristics and biochemical behaviour. Usually, in the deeper soil layers the amount 
of organic components is low, since they have been consumed already in the surface 
layers. 
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Figure 10-3. Soil sub-matrix of terrestrial ecosystems. *) also processes Root 
exudation, Root channelling/intrusion, Leaching, Excretion, and (Degradation) 
included in this cell. 
 
For clarity of presentation, the sorption processes within each component are not 
explicitly listed in the transport matrix, even though they are very important for 
radionuclide transport and accumulation. These processes include adsorption and 
absorption (physical and chemical interactions), ion exchange, adhesion to ion layers 
and subsequent transfer to the solid matrix, complex formation and fixation (irreversible 
incorporation to solids). Also desorption can occur, with usually slower kinetics than 
sorption (IUR 2006). 
 
The processes within the Soil sub-system are, in addition to those already presented 
above: 
 Advective and diffusive transport of matter, including also gases; transport of 
dissolved substances along the movement of soil solution, or transport by 
diffusion under the influence of a concentration gradient (IUR 2006). 
 Compression of Soil; following compression resulting from mechanical, 
hydrological or biochemical processes, deeper soil layers are transferred 
conceptually higher into another compartment. This is important especially in 
respect to penetration of roots into the Soil. 
 Drainage of Soil; as the Soil is drained, part of the former saturated zone 
becomes only seasonally saturated, formally expressed as a transport process of 
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matter (part of the compartment) from Saturated to Seasonally saturated zone. 
Also compression of Soil may be related to the event. 
 
10.1.2  Mass balances and fluxes in forests 
Due to the availability of compiled and digested data for mass balances and fluxes 
practically only for carbon at the moment in the other ecosystems (see below), only the 
carbon cycle is described for the forest ecosystems as well. According to Pumpanen 
(2003), the two most important processes affecting the carbon balance of a forest 
ecosystem are photosynthesis and respiration: CO2 is assimilated in photosynthesis by 
trees and ground vegetation and translocated to soil through several pathways (Fig. 10-
5). Significant amounts of carbon are allocated to the root systems for root growth and 
maintenance. When roots die, the carbon is added to the forest floor and mineral soil as 
dead organic matter. Carbon is added to the forest floor and humus from above-ground 
biomass through litterfall and leaching of dissolved organic matter from the canopy 
(Edwards & Harris 1977; Kalbitz et al. 2000) and from roots (Högberg et al. 2001). 
Litterfall is one of the key processes in the biogeochemical cycle linking the vegetation 
to the water and soil. Litter decomposition is a major pathway of nutrient fluxes. It also 
determines the organic matter input to forest soils, and hence has a strong influence on 
forest productivity and biogeochemical processes in soils (UN/ECE 2004). 
 
Carbon is released from the soil to the atmosphere through the decomposition of dead 
organic matter and through respiration by roots, root mycorrhizal fungi and other soil 
micro-organisms (Gaudinski et al. 2000; Chapin III & Ruess 2001). Some carbon is also 
leached out of the ecosystem dissolved in groundwater especially in peatlands (Urban et 
al. 1989; Sallantaus 1992). However, in podzolised mineral soil the amount of dissolved 
organic carbon leached to ground water is very small (Easthouse et al. 1992; Lundström 
1993). 
 
The fine roots of trees and understorey vegetation that are active in nutrient uptake 
contain considerable stores of carbon and nutrients, and their turnover rate is faster than 
for the above-ground components. Therefore, they play an important role in the carbon 
and nutrient dynamics of forest ecosystems.  
 
Hydrological balance on forest intensive monitoring plots 
 
Water balances for the Olkiluoto site have been calculated both for the whole island by 
(Karvonen 2008) and separately for the forest intensive monitoring plots (Karvonen 
2009b). In the scale of Olkiluoto Island, the average yearly runoff was around 175 
mm/y and the respective 50% confidence limits were 155 and 195 mm/y. Average 
yearly evapotranspiration estimate was 310 mm/y with confidence limits of 290 and 330 
mm/y. Average value for recharge through the bedrock system was 1.7% (1.5-1.9%) 
from the long-term yearly precipitation; the average recharge is around 10 mm/y 
(Karvonen 2009b). Water balance terms for the intensive monitoring plots are shown in 
Table 10-1, corresponding to the fluxes indicated in Figure 10-4. 
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Figure 10-4. Fluxes and storages in the Olkiluoto surface hydrology model (Karvonen 
2008, 2009a,b). 
 
Table 10-1. Main water balance terms, annual average (mm/y) for the forest intensive 
monitoring plots (FIP; Karvonen 2009b). FIP4 is a Scots pine stand, FIP10 an old 
Norway spruce stand and FIP11 a birch-dominated young mixed stand. 
 
Water balance term 
Forest intensive monitoring plot 
Note FIP4 
2004-2008 
FIP10 
2005-2008 
FIP11 
2007-2008 
Precipitation above canopy 546 574 584 1 
Throughfall (non-intercepted precipitation) 349 372 431 1 
Interception by canopy 
 
156 168 153 2 
Transpiration 
 
164 213 178 2 
Surface runoff 
 
54 117 124 3 
Sub-surface runoff 173 78 134 3 
Deep flux from bedrock (positive upwards) -5 22 10 3 
1
 Measured data 
2
 For trees measured during 2007-2009, other years and for understorey computed 
3
 Computed 
 
Carbon cycle in forest soil and plants  
 
The major pools and fluxes associated with the terrestrial ecosystem in Olkiluoto are 
presented in Fig. 10-5. The biomass of tree stands was derived from stand volumes 
(Rautio et al. 2004) by forest compartments (i.e., polygons of homogeneous forest) 
using Biomass Expansion Factors (BEF) given by Lehtonen et al. (2004a). Scots pine 
BEFs for stumps and coarse roots (>2 mm) were also used for deciduous trees. The 
biomass of leaves of deciduous trees was estimated based on studies of Parviainen 
(1999) and Ilomäki et al. (2003). 
 
The understorey biomass in forest compartments was estimated based on models by 
Muukkonen and Mäkipää (2006), and by assuming that the belowground part was 70% 
of the total understorey vegetation biomass (Muukkonen & Mäkipää 2006). 
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Figure 10-5. Major pools and fluxes of carbon on the terrestrial areas of Olkiluoto 
Island. GPP (Gross Primary Production) is the rate of energy fixed by photosynthesis, 
associated with CO2 uptake. 
 
The carbon content of vegetation was assumed to be 50% of dry mass (Hakkila 1989, 
Nurmi 1993, Bolin et al. 2000, Prentice et al. 2001). This is consistent with Olkiluoto-
specific data for tree foliage and ground vegetation: the carbon content was 51–55% in 
foliage and 47–52% in ground vegetation (Tamminen et al. 2007). 
 
Estimates of soil carbon storage were mostly based on soil survey at Olkiluoto in 2005 
(Tamminen et al. 2007). For some site types not included in soil investigation, values 
were taken/derived from literature (see Tables 10-2 to 10-5).  
 
Net production of the tree layer was calculated using growth estimates based on 
measurements (Rautio et al. 2004) and BEFs by Lehtonen et al. (2004a). Net production 
of ground vegetation was estimated using turnover rates (Muukkonen & Lehtonen 
2004). Litter production estimates were based on turnover rate coefficients for the 
biomass compartments (Lehtonen et al. 2004b, Muukkonen & Lehtonen 2004, Starr et 
al. 2005, Liski et al. 2006, Muukkonen & Mäkipää 2006). 
 
Soil respiration and its division to autotrophic and heterotrophic respiration were based 
on literature (source data, see footnotes in Tables 10-2 through 10-5) and the fact that 
root and rhizosphere respiration may contribute 33–62% of total soil respiration (Ewel 
et al. 1987, Bowden et al. 1993, Epron et al. 1999, Högberg et al. 2001, Widén & Majdi 
2001). Lateral net transport rate was assumed to be zero. 
 
The biomass, carbon content, and net production of the shrub layer were not estimated, 
due to the lack of suitable generic models. As the shrub layer means woody vegetation 
growing between the smaller trees of the understory and the forest floor (the seedling 
stands were naturally included in the computations), the biomass of this layer is minor 
in managed Finnish boreal forests. According to Mälkönen (1974), the annual biomass 
growth of the shrub layer is negligible compared with other vegetation.  
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Table 10-2. Pools and fluxes in black alder-dominated forests on Olkiluoto Island. 
Values directly based on Olkiluoto site data are shown on bold. Site types: 2=OMT, 
3=MT and 4=VT. 
 
  
Site types 
Pools (gC/m²) 
 
2 3 4 
Trees (above- and underground) 5,008 2,577 1,502 
Understorey (above- and underground) 77 84 70 
Litter layer 
 
377.
1
 330.
1
 330.
1
 
Soil: humus layer 6,026 2,520.1 2,100.1 
Soil: mineral soil 0-30 cm 1,550 2,556.1 2,111.1 
Fluxes (gC/m²/y) 2 3 4 
NPP trees (GPP-transpiration) 194 138 376 
NPP understorey 51 55 47 
Annual litter prod. (all) 345 208 139 
Emission (soil respiration) 418–737 418–737 418–737 
Emission (autotrophic soil respiration) 138–457 138–457 138–457 
Emission (heterotrophic soil respiration) 280.
2
 280.
2
 280.
2
 
Lateral transport 0 0 0 
1
 Ilvesniemi et al. 2009 
2
 Karlberg et al. 2006 
 
Table 10-3. Pools and fluxes in birch-dominated forests on Olkiluoto Island. Values 
directly based on Olkiluoto site data are shown on bold, and n.a. denotes data not 
available. Site types: 1=Groves, 2=OMT, 3=MT and 4=VT. 
 
  
Site types 
Pools (gC/m²) 
 
1 2 3 4 
Trees (above- and underground) 3,386 3,448 1,831 567 
Understorey (above- and underground) 293 70 70 70 
Litter layer 
 
353.
1
 377.
1
– 475.2 330.1 330.1 
Soil: humus layer 2,109 3,041 4,173 2,100.1 
Soil: mineral soil 0-30 cm 6,231 914 1,770 2,111.1 
Fluxes (gC/m²/y) 1 2 3 4 
NPP trees (GPP-transpiration) n.a. 300 181 108 
NPP understorey n.a. 47 47 47 
Annual litter prod. (all) n.a. 243 147 77 
Emission (soil respiration) 412–726 412–726 412–726 412–726 
Emission (autotrophic soil respiration) 136–450 136–450 136–450 136–450 
Emission (heterotrophic soil respiration) 276.
3
 276.
3
 276.
3
 276.
3
 
Lateral transport 0 0 0 0 
1
 Ilvesniemi et al. 2009 
2
 Haapanen 2009 
3
 Liski et al. 2006 
 
 
257 
T
a
b
le
 1
0
-4
. P
oo
ls
 a
nd
 fl
ux
es
 in
 S
co
ts
 p
in
e-
do
m
in
at
ed
 fo
re
st
s 
on
 O
lk
ilu
ot
o 
Is
la
nd
. V
al
ue
s 
di
re
ct
ly
 b
as
ed
 o
n 
O
lk
ilu
ot
o 
si
te
 d
at
a 
ar
e 
sh
ow
n 
on
 b
o
ld
, a
nd
 n
.a
. d
en
ot
es
 d
at
a 
no
t a
va
ila
bl
e.
 S
ite
 ty
pe
s:
  2
=
O
M
T,
 3
=
M
T,
 4
=
VT
, 5
=
C
T 
an
d 
7=
be
dr
oc
k 
si
te
s. 
 
 
 
Si
te
 ty
pe
s 
Po
ol
s 
(g
C
/m
²)
 
 
2 
3 
4 
5 
7 
T
re
e
s
 (
a
b
o
v
e
- 
a
n
d
 u
n
d
e
rg
ro
u
n
d
) 
4,
96
5 
2,
96
5 
2,
39
1 
1,
49
6 
1,
02
0 
U
n
d
e
rs
to
re
y
 (
a
b
o
v
e
- 
a
n
d
 u
n
d
e
rg
ro
u
n
d
) 
20
8 
20
8 
20
8 
20
8 
20
8 
L
it
te
r 
la
y
e
r 
 
3
7
7
.1
–
42
3.
2  
3
3
0
.1
 
2
4
7
.3
–
3
3
0
.1
 
3
7
7
.1
 
 n
.a
. 
S
o
il:
 h
u
m
u
s
 l
a
y
e
r 
3,
95
7 
3,
95
7 
3,
35
8 
1,
90
9 
2,
25
8 
S
o
il:
 m
in
e
ra
l 
s
o
il 
0
-3
0
 c
m
 
1,
14
5 
1,
14
5 
2,
20
4 
1,
54
1 
1
,8
8
9
.1
 
Fl
ux
es
 (g
C
/m
²/
y
) 
2 
3 
4 
5 
7 
N
P
P
 t
re
e
s
 (
G
P
P
-t
ra
n
s
p
ir
a
ti
o
n
) 
31
7 
23
5 
16
6 
42
 
30
 
N
P
P
 u
n
d
e
rs
to
re
y
 
11
0 
11
0 
11
0 
11
0 
11
0 
A
n
n
u
a
l 
lit
te
r 
p
ro
d
. 
(a
ll)
 
39
9 
27
9 
24
3 
19
9 
17
1 
E
m
is
s
io
n
 (
s
o
il 
re
s
p
ir
a
ti
o
n
) 
4
1
2
–
7
2
6
 
5
1
8
.4
 
4
1
2
–
7
2
6
 
4
1
2
–
7
2
6
 
56
0–
98
7 
E
m
is
s
io
n
 (
a
u
to
tr
o
p
h
ic
 s
o
il 
re
s
p
ir
a
ti
o
n
) 
1
3
6
–
4
5
0
 
1
7
1
–
3
2
1
 
1
3
6
–
4
5
0
 
1
3
6
–
4
5
0
 
18
5–
61
2 
E
m
is
s
io
n
 (
h
e
te
ro
tr
o
p
h
ic
 s
o
il 
re
s
p
ir
a
ti
o
n
) 
2
7
6
.5
 
2
6
0
–
3
4
7
 
2
7
6
.5
 
2
7
6
.5
 
3
7
5
.6
 
L
a
te
ra
l 
tr
a
n
s
p
o
rt
 
0
 
0
 
0
 
0
 
5
.6
 
1
 
Il
v
e
s
n
ie
m
i 
e
t 
a
l.
 2
0
0
9
 
2
 
H
a
a
p
a
n
e
n
 2
0
0
9
 
3
 
H
ill
i 
e
t 
a
l.
 2
0
0
8
 
4
 
P
u
m
p
a
n
e
n
 e
t 
a
l.
 2
0
0
4
 
5
 
L
is
k
i 
e
t 
a
l.
 2
0
0
6
 
6
 
L
ö
fg
re
n
 e
t 
a
l.
 2
0
0
6
 
258 
 
Table 10-5. Pools and fluxes in Norway spruce-dominated forests on Olkiluoto Island. 
Values directly based on Olkiluoto site data are shown on bold. Site types: 2=OMT, 
3=MT, 4=VT and 5=CT. 
 
  
Site types 
Pools (gC/m²) 
 
2 3 4 5 
Trees (above- and underground) 6,432 5,063 3,604 504 
Understorey (above- and underground) 113 113 113 113 
Litter layer 
 
377.
1
–538.2 231.3 –330.1 330.1 377.1 
Soil: humus layer 4,470 3,715 2,100.1 2,222.1 
Soil: mineral soil 0-30 cm 2,499 1,788 2,111.1 1,889.1 
Fluxes (gC/m²/y) 2 3 4 5 
NPP trees (GPP-transpiration) 310 296 204 25 
NPP understorey 65 65 65 65 
Annual litter prod. (all) 333 280 212 82 
Emission (soil respiration) 412–726 518.
4
 412–726 412–726 
Emission (autotrophic soil respiration) 136–450 171–321 136–450 136–450 
Emission (heterotrophic soil respiration) 276.
5
 260–347 276.
5
 276.
5
 
Lateral transport 0 0 0 0 
1
 Ilvesniemi et al. 2009 
2
 Haapanen 2009 
3
 Hilli et al. 2008 
4
 Pumpanen et al. 2004 
5
 Liski et al. 2006 
 
Carbon cycle of forest animals 
 
For fauna, only the carbon cycle has been considered due to lack of data on other 
elements. Part of such database will become available as soon as the animal samples 
from 2008 have been analysed. 
 
The budgets have been calculated mainly for 2007 data. Density data for willow warbler 
and hazel grouse are from 2008, but the variation has been considered insignificant. 
Where values specific to a species or a species group have not been found for rates of 
production or consumption, estimates given by Jerling et al. (2001) have been applied 
(see Table 10-6). These values were used in all cases for faeces. Respiration has been 
calculated as the difference between consumption and the sum of production and faeces. 
The carbon content per body mass is assumed constant for all animals due to lack of 
data. Truvé & Cederlund (2005) provide a value of 0.229 kgC/kgfw, which is used also 
for the food of carnivores. For the carbon content in the food of herbivores, the value of 
0.2305 kgC/kgfw (Lindborg 2005) is applied as a rule. Fluxes concerning migratory birds 
have been scaled in proportion of time spent at the site. Species-specific assumptions 
are listed in Table 10-9, and the storages and fluxes in Table 10-7. The structure of the 
food web is presented in Figure 10-6. 
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Table 10-6. Generic values for mass flow in grassland food web (Jerling et al. 2001, 
citing Heal & McLean 1975). 
 
Trophic role Faeces (% of consumption) 
Respiration (% of 
cons.) 
Herbivores   
Invertebrates 60 16 
Ectovertebrates 50 5 
Endovertebrates 50 1 
Carnivores   
Invertebrates 20 56 
Ectovertebrates 20 72 
Endovertebrates 20 78 
Decomposers   
Microbivores 70 18 
Detrivores 80 12 
 
 
The flux as prey is assumed to equal the difference between production and possible 
hunting by man, i.e., it is assumed that the ecosystem is in balance so that stocks do not 
grow or decline in terms of weight or carbon. In some cases, site data indicate changes 
in population, for example, due to hunting, but quantitative data are still rather sparse, 
and the changes are not included in the model; for long-term budgets, maintained 
change would not be sustainable. Furthermore, the data base is hardly ever adequate for 
determining whether the ecosystem truly is in a steady state in longer term; due to 
predator-prey dynamics, short-term steady state does not occur anyway. 
 
The data complementary to the site studies used in the carbon balance for forest animals 
is based on a limited literature review, and thus the results should be considered 
tentative. Furthermore, the carbon balances are only for the representative species, not 
the whole trophic compartment, due to lack of data comprehensive enough in most 
cases. However, Table 10-8 summarises the available hunting data at the compartment 
level. 
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Figure 10-6. Food web structure in forests with representative species for each trophic 
compartment (cf. Fig. 4-10). From the prey of humans, often significant amount ends up 
in waste, but also other parts than meat are stored (e.g. hides and antlers).   
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Table 10-8. Hunting values (average game bag) as carbon fluxes for entire trophic 
compartments (sum of all species), based on site data for 2002-2007 (Ikonen et al. 
2003, Ranta et al. 2005, Oja & Oja 2006, Haapanen 2007-2009).  
 
Trophic role Hunted, total gC/m²/y Species included 
Herbivorous birds 0.000039 Hazel grouse, Eurasian black grouse 
Insectivorous and omnivorous 
birds 
0.000028 
(0.00041) 
Willow warbler, hooded crow, Eurasian woodcock, in larger 
number mallard and common teal also included (ducks; mires 
and water bodies) 
Herbivorous mammals 0.00024 Mountain hare, brown hare (a.k.a. European hare), muskrat* 
Large herbivorous mammals 0.14 Moose, white-tailed deer, roe deer 
Omnivorous mammals 0.0025 Red fox, raccoon dog, European badger, red squirrel* 
Carnivorous mammals 0.00019 American mink, pine marten* 
* Not hunted in Olkiluoto during the recent years 
 
Table 10-9. Species-specific assumptions and handling of data in defining carbon 
storages and flows. For carbon content the generic value has been applied unless  
otherwise stated. Generic data refer to Table 10-6. 
 
Species Storage Production Consumption 
American mink In 2006 >15 ind. on Olkiluoto, in 
2007 popul. estimated to be 
strong and increasing (Haapanen 
2007, 2008). 15 ind. used. 
Weight taken as 1 kg based on 
male weight of 0.5–1.5 kg and 
female of 0.5–1 kg (Bjärvall & 
Ullström 2003, Lokki et al. 1997)  
Data for marten 
(Lindborg 2005) 
Consumption value for carnivores 
(Lindborg 2005) 
Tawny owl Density on Olkiluoto (Yrjölä 2008) 
Weight taken as 520 g (Yrjölä 
2008) 
Generic data Daily food intake 44–75 g (Yrjölä 
2008), the mean of 59.5 g used. 
Willow warbler Density on Olkiluoto (Yrjölä 2008) 
Weight taken as 9 g (Yrjölä 2008) 
Generic data 
Migratory, in Finland 
from May to mid-Sep 
(Mullarney 1999), 
assumed 135 d. 
9.6 g/d, estimated by method of 
(Crocker et al. 2002) 
Migratory, in Finland from May to 
mid-Sep (Mullarney 1999), assumed 
135 d. 
Adder 6 (+ possibly 1) males found in 
Olkiluoto (Nieminen & Saarikivi 
2008), assumed 14 ind. in total  
Weight taken as 150 g, based on 
range of 50-150 g (Nieminen & 
Saarikivi  2008) 
Generic data Daily food intake 0.9 gfw (Lindborg 
2005), C content estimated 50% 
(Lindborg 2005) 
Carabidae 15 ind. captured with 5 plots each 
about 100 m
2
 in size (Ranta et al. 
2005), a rough estimate of 0.03 
ind/m
2
 taken for the calculations 
Weight of 77 mg for Pterostichus 
cupreus, a mid-sized abundant 
Carabid (Santaharju et al. 2009; 
most common species in traps) 
Generic data Estimate of 2 mgfw/d, for P. cupreus 
based on laboratory study 
(Bommarco 1998)  
C content estimated to be 22.9% 
(Truvé & Cederlund 2005) 
Moose In 2007, 7 individuals hunted, 9 
remaining after (Haapanen  
2008); 16 ind. used 
Weight 279 kg (Lindborg 2005) 
30% of biomass 
(Lindborg 2005) 
Daily food intake as average of 
winter and summer values 14 kgfw 
(Lindborg 2005) 
C content estimated 46.1% 
(Lindborg 2005) 
Mountain hare 20–25 ind. in 2006, population 
estimated strong and growing in 
2007 (Oja & Oja 2007, Haapanen  
2008), 25 used 
Weight taken as 3.5 kg, based on 
range of 2–5.8 kg (Bjärvall & 
Ullström 2003, Lokki et al. 1997) 
30% of biomass 
(Lindborg 2005) 
Daily food intake of 0.5 kgdw in winter 
used (Lindborg 2005). 
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Table 10-9 (cont'd). Species-specific assumptions and handling of data in defining 
carbon storages and flows. For carbon content the generic value has been applied 
unless otherwise stated. Generic data refer to Table 10-6. 
 
Species Storage Production Consumption 
Bank vole In study of Nieminen & Saarikivi 
(2008), average number of 
trapped individuals was 7.1 per 
plot, each about 150 m
2
; a density 
of 0.047 ind/m
2
 used 
Weight 20 g as median value of 
captured voles in 2008 (Nieminen 
& Saarikivi 2008) 
10 times the biomass 
per year, rodents in 
general (Lindborg 
2005) 
Daily intake estimated 3 g based on 
laboratory studies  (Shore et al. 
1995, Peacock & Speakman 2001) 
used, supported by estimate used by 
(Lindborg 2005) of consumption 
being 13% of biomass. 
Hazel grouse Density on Olkiluoto (Yrjölä 2009) 
Weight taken as 0.4 kg, based on 
range of 0.35–0.45 kg (Yrjölä 
2009) 
Generic data Daily food intake approx. 42.5 gfw 
(Yrjölä 2009) 
Ringlet Density based on a nominal 
guess of 100 individuals in 
Olkiluoto, in lack of quantified 
data 
Weight based on literature data of 
66.3±2.15 mg for Apantophus 
hyperantus from Stockholm area 
(Karlsson & Wiklund 2005). 66.3 
mg used. 
Generic data Daily consumption based on a 
nominal guess of 1% of biomass, in 
lack of data 
Red fox In 2006 >20 ind. on Olkiluoto, in 
2007 popul. estimated to be 
strong and stable (Oja & Oja 
2007, Haapanen 2008). 20 ind. 
used. 
Weight taken as 6 kg based on 
male weights of 4–8 kg and 
females of 3–6.5 kg (Bjärvall & 
Ullström 2003, Lokki et al. 1997) 
30% of biomass 
(Lindborg 2005) 
Daily food intake estimated as 5.3% 
of biomass (Lindborg 2005) 
Hooded crow Density on Olkiluoto (Yrjölä 2009) 
Weight 525 g (Yrjölä 2009) 
Generic data (carniv. 
endothermic 
vertebrate) 
220 g, estimated by method of 
(Crocker et al. 2002), probably varies 
a lot depending on the available food 
sources. 
Common frog 136 egg clutches found in 
Olkiluoto, generally each 
representing one female 
(Nieminen & Saarikivi 2008); 
estimate of 272 individuals used 
Weight taken as 40 g, supported 
by (Nieminen & Saarikivi  2008) 
Generic data (carniv. 
ectothermic vertebr.) 
Estimated from non-quantified pet 
frog diet recommendations: for bull 
frogs (about 750 g) half a dozen 
crickets (about 0.25 g each) 2–3 
times a week – this gives an 
estimate of 0.75 g/d, or 0.1% of 
bodyweight which is used also for 
common frog 
Ants According to (Persson et al. 
2006), amount of workers per 
nest vary usually between 300 
and 3000. In the site types other 
than A1, FL1, FL2 in Forsmark 
there were on average 148 
nests/ha (Persson et al. 2006); 
this gives an estimate of 30 
ind./m
2
 based on a value of 2000 
ind./nest 
Value of 10 mg based on 
literature values of 3–21 mg (on 
average about 10) for Formica 
rufa from a plot in (Wright et al. 
2000) and dry weight 3–4 mg for 
Formica pratensis (Rabitsch 
1997). Neither species has been 
found in Olkiluoto but do exist in 
Finland. 
Generic data (mean 
of herbivores and 
carnivores) 
Daily consumption based on a 
nominal guess of 1% of biomass, in 
lack of data 
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Table 10-9 (cont'd). Species-specific assumptions and handling of data in defining 
carbon storages and flows. For carbon content the generic value has been applied 
unless otherwise stated. Generic data refer to Table 10-6. 
 
Species Storage Production Consumption 
Earthworms Density as an average of site 
types other than A1, FL1, FL2 in 
Forsmark (Persson et al. 2006): 
162 ind./m
2
 
Value of 4 g used, supported by 
the data of (Persson et al. 2006)  
Generic data 
(detrivores) 
According to (Bouche 1981), as cited 
in (Persson et al. 2006), epigeic 
earthworms consume about 100 
times their biomass of dry matter per 
year, anecic species 200 times and 
endogeic species 400 times. The 
respective densities in (Persson et 
al. 2006) are 45, 32 and 85 ind./m
2
. 
The weighted average thus yields 
277 times the biomass in dry matter 
per year, or 0.75 times the body 
weight per day if dry matter content 
in the ants and in the food are equal 
 
10.1.3 Mass balances and fluxes in mires 
For fauna, see Section 10.1.2 the food web structure and Sections 4.1.6 and 4.2.3 for a 
description of the typical fauna in the mires. Due to the lack of data, no mire-specific 
ecosystem models have been produced yet for animals. 
 
Carbon cycle in mires, peat and plants 
 
In mires, as in mineral soil forests, plants bind atmospheric carbon dioxide in 
photosynthesis and supply part of the carbon to peat matrix. The surface of a mire is 
divided into different microsites, hummocks, hollows/flarks and lawn areas (Fig. 10-7). 
In a hollow/flark with scarce field-layer vegetation the carbon supply is lower. In high 
hummocks, the carbon is mainly supplied to the unsaturated layers where it is 
aerobically degraded. In lawn surfaces, low sedge abundance results in low methane 
flux owing to the lack of substrate, and, further on, methane flux increases with an 
increase in sedge cover until, at some point, the increased oxygen supply to the peat 
profile starts to decrease the methane flux. Plants also supply the peat with oxygen, 
which enhances methane oxidation and inhibits methane production. Methane is 
transported upward by plants and diffusion. Oxygen concentrations determine the 
proportion of substrate to aerobic decomposition and methane production. Aerobic 
decomposition (function of plant community, temperature, water level, peat chemistry) 
consumes oxygen. The amount of substrate available for methanogenesis depends on 
the substrate production rate (function of photosynthesis, root profile in peat) and 
substrate consumption rate (function of methanogenesis, substrate concentrations). The 
methane oxidation rate increases with the growing population of methane oxidizers and 
rising methane and oxygen concentrations. Carbon is also transported as DOC (function 
of plant community, temperature, water level and hydrology). (Vasander & Kettunen 
2006). 
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Figure 10-7. Key interactions in carbon cycling dynamics in different micro-sites of a 
boreal peatland (figure based on Vasander & Kettunen 2006).  
 
 
10.1.4  Mass balances and fluxes in agriculture 
Photosynthesis by agricultural crops can annually produce dry matter yields up to 
10,000 kg/ha, which equals approximately 4,000 kg/ha carbon. Crop growth demands 
plant nutrients that come from soil sources or application of inorganic or organic 
fertilisers. From the plant biomass, 10–80% is taken from the field, depending on the 
crop species and used for human food or animal feed. Crop residues and roots are left 
on the field, and gradually they are incorporated in the soil carbon and nutrient cycles. 
 
Carbon and nutrients harvested for human food or animal feed can also partially be 
returned to the fields. On animal farms, more than half of the carbon and nutrients used 
in feed is returned to the fields in manure. The wastes from human consumption, 
sewage sludge, household biowaste and food industry waste can also be returned to  
agricultural fields, but they are often used in the landscape industry or landfill. 
 
Carbon and plant nutrients can be returned also as manure back to the soil nutrient 
cycle. Microbes decompose organic carbon as their energy source and return CO2 to the 
atmosphere. When carbon is mineralised, other nutrients are released from the organic 
matter. These nutrients become available to plants, but are also susceptible to leaching 
and gaseous losses. 
 
In addition to crop growth, harvest and soil organic matter decomposition, there exist 
small flows that usually are negligible compared with the above-mentioned fluxes. Wild 
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animals can graze plants from agricultural fields, water runoff can transport organic 
matter and nutrients, and certain processes create gaseous losses (e.g., denitrification in 
the case of nitrogen). 
 
Carbon cycle in croplands 
 
The magnitude of carbon fluxes in croplands (Fig. 10-8) is calculated based on  the area 
of cultivated crops in the municipality of Eurajoki in 2008,  multiplied by the yields of 
Satakunta EEDC, which is the smallest scale at which yields  are available (Table 10-
10). Harvest indices (Pahkala et al. 2008) are used for the calculation of total biomass 
production and amount of plant material left on the field. The annual C photosynthesis 
on Eurajoki fields can be estimated at 2.9 tC/ha from which 1.6 tC/ha is harvested and 
1.3 tC/ha left on the field. 
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Figure 10-8. Major pools and fluxes of the agricultural carbon cycle. GPP (Gross 
Primary Production) is the rate of energy fixed by photosynthesis, associated with CO2 
uptake.  
 
Table 10-10. Carbon assimilation and its distribution between yield and crop residues 
in Eurajoki croplands in 2008 (areas and yields from www.matilda.fi). 
Crop Area 
(ha) 
Dry-matter yield 
(t/ha) 
Carbon 
yield (tC) 
Harvest 
index 
Total produc-
tion (tC) 
C left in soil 
(tC) Winter wheat 34 3.76 51 0.45 114 62 
Spring wheat 470 3.54 665 0.45 1,477 812 
Rye 54 2.48 54 0.40 134 81 
Barley 2,458 3.49 3,433 0.55 6,242 2,809 
Oats 1,549 3.18 1,972 0.48 4,107 2,136 
Grassland 538 5.95 1,278 0.80 1,600 320 
Peas 10 1.56 6 0.50 12 6 
Potatoes 134 6.06 325 0.55 591 266 
Sugarbeet 350 10.06 1,409 0.66 2,134 726 
Oilseeds 151 1.44 87 0.30 290 202 
Horticulture 72 1.85 53 0.40 133 80 
Sum 5,820  9,328  16,838 7,494 
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Table 10-11. Soil carbon storage in top 25-cm in croplands in Eurajoki. 
 
Soil type Area 
(ha) 
Organic matter 
(t/ha) 
Soil organic C 
(tC/ha) 
Total C 
(tC) Peat 58 1,250 725 42,200 
Organic  349 750 435 15,190 
Mineral 5,413 113 65.25 353,170 
Sum 5,820  547,260 
 
 
Table 10-12. Estimated carbon fluxes to atmosphere from different sources in Eurajoki 
municipality. 
 
Source Carbon loss (tC) Loss (tC/ha of cropland) 
Crop residues and roots 5,980 1.03 
Animal manure 1,670 0.29 
Soil organic matter 2,490 0.43 
Sum 10,140 1.75 
 
 
The main solid organic carbon input to croplands is livestock manure. Animal 
production is not common in Eurajoki, and thus the carbon excreted from the farm 
animals provides only 0.36 tC/ha when calculated as an average for the total agricultural 
area of Eurajoki.  
 
Soil organic matter constitutes a large carbon storage compared with the related annual 
fluxes. The proportion of peat soils (more than 40% organic matter) and organic soils 
(20–40% organic matter) are only 1% and 6% in Eurajoki. If we estimate that soil 
organic matter content of the mineral soils (93% of soils in Eurajoki) is 3–6%, we can 
calculate the storage of soil organic carbon in the top 25-cm soil layer (Table 10-11). 
The proportion of carbon in soil organic matter is commonly estimated as 58%. 
 
Although soil organic carbon is stable and microbes decompose it only slowly, it can 
still generate a considerable carbon flux to the atmosphere. For example, application of 
the Coupmodel (a dynamic soil simulation model developed in Sweden, Jansson et al. 
2003) suggests that 0.005% of soil organic matter is decomposed daily in optimal 
conditions. Furthermore, decomposition of fresh soil organic matter from crop residues 
and animal manure is faster, and, for those pools, the Coupmodel suggests a daily 
decomposition rate of 3.5% of which 50% is lost as CO2. The annual C flux from soil 
organic matter in Eurajoki becomes as is presented in Table 10-12, if the decomposition 
rates are taken as 10% from the optimal value. Since it is documented that soil carbon 
storage is slightly decreasing, it is reasonable that the total fluxes in Table 10-12 (1.75 
tC/ha) are higher than the input to the soil from crop residues and manure (1.66 tC/ha). 
 
Carbon cycle of animal husbandry 
 
In the Finnish agriculture, most of the yield produced in fields is used for animal feed. 
Given the low number of farm animals in the municipality of Eurajoki, there is little 
grassland for cattle and most cereals are transported as feed to other areas with higher 
animal densities.  The number of animals in 2008 (www.matilda.fi) and their use of 
fodder using the estimated feed intake are presented in Table 10-13. Milk, meat and egg 
production is calculated according to the average Finnish production rates and the 
carbon contents are from literature (Geigy 1981, Sheppard et al. 2006).  
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Table 10-13. Number of animals (www.matilda.fi), their estimated feed intake (expert 
judgement) and production in Eurajoki. Concentrates produced on-farm are made from 
cereals and purchased concentrates can include various materials including cereals, 
oilseeds and soybean. 
 
Animals 
Number 
of indivi-
duals 
Feed intake (kgC/y/indiv.) 
Fed, total 
(kgC/y) 
Production 
Forage 
Concentrates per annum 
(kg/y) 
in C units 
(kgC/y) own farm 
purchas-
ed 
Dairy cow 130 1,371 439 614 315,120 1,040,000.
3
 78,000 
Suckler cow 72 1,394 102 0 107,700   
Heifer 102 699 112 73 90,130   
Bull 229 801 295 89 27,126 83,580.
4
 20,810 
Calf, heifer 97 321 107 101 51,400   
Calf, bull 95 489 210 113 77,080   
Boar 4  272 91 1,450   
Sow 270  303 132 117,470   
Fattening pig 
1
 581  243 52 171,170 212,065.
4
 88,219 
Piglet 
2
 846  62 47 91,820   
Sheep 50 120 28 7 7,710 3,650.
4
 640 
Laying hen 26,609  6 8 363,860 470,980.
5
 66,880 
Broiler 226,747  2 12 3,073,800 371,870.
4
 84,790 
Horse, adult 31  1,037 388 44,180   
Total     4,784,170  339,340 
1
 Over 50 kg live-weight 
2
 Under 50 kg live-weight 
3
 Milk 
4
 Meat 
5
 Eggs 
 
Only about 10% of carbon in animal feed is transferred to human nutrition. Carbon 
losses to the atmosphere consist of methane emissions from ruminants and CO2-C 
respiration. Animal respiration and manure applied back to the fields are the main 
output flows from animal husbandry (e.g., Byrne et al. 2007).  
 
Nitrogen and phosphorus cycle in agriculture 
 
The nitrogen and phosphorus cycle in Finnish agriculture has been estimated by 
Antikainen et al. (2005). Main uncertainties in nitrogen cycle are related to the estimate 
of N2 and N2O losses from denitrification. In addition, several factors, including 
variation in nutrient concentrations and dry weights, and possible inaccuracy of 
statistics, affect the calculations. Since nitrogen and phosphorus cause eutrophication, 
their balances are calculated annually both nationally and regionally (Salo et al. 2007, 
Uusitalo et al. 2007). 
 
10.2  Aquatic systems 
10.2.1  Overall transport matrix 
Aquatic ecosystems are a heterogeneous media, composed of (IUR 2006):  
 a water column including anything that is dissolved within it and suspended 
particles, in which the water exchange is distinctive to the type of the ecosystem 
(lake, river or sea);  
 bed sediment; and  
 benthic and pelagic biota, including primary producers and consumers. 
269 
 
Atmo-              
sphere
See Shoreline 
system matrix
Deposition 
Rainfall
CO2 uptake
(Inhalation)   
(Migration)
(Deposition) 
(Rainfall)
(Inhalation)
See Shoreline 
system matrix
Shoreline 
system
Water exch. 
Susp. and 
diss. matter 
flow           
Runoff
Flotation (Migration) (Migration) (Migration) Runoff
See Shoreline 
system matrix
See Shoreline 
system matrix
(Gas 
exchange) 
(Sea spray)
Water 
exchange   
Susp. and 
diss. matter 
flow
Water Uptake Intake 
(Inhalation)
(Intake) 
(Inhalation)
Intake 
(Inhalation)
Drinking 
(Intake)
Sedimentation 
Water 
exchange  
....more *)
(Infiltration)
Drinking              
Water usage 
(Ingestion) 
(Dredging)
(Respiration) Flotation (Degradation)
Primary 
producers Food source Food source Food source Food source
Root 
exudation 
Root 
channelling
(Food source)
(Migration)
Excretion 
(Respiration)
Other              
fauna Food source Food source Food source Bioturbation (Food source)
Excretion           
(Left-overs) 
(Respiration)
(Food source)
Detrivores 
(benthic only)
Food source Food source Bioturbation
(Migration)
Excretion 
(Respiration)
(Food source) Food source Fish Food source Bioturbation Food source
(Migration) 
(Exhalation)
(Migration) Excretion (Food source)
Mammals 
and birds (Bioturbation) (Food source)
Water exch. 
Susp. and 
diss. matter 
flow 
Terrestrialis.
Resuspension 
Bioturbation 
(Gas 
exchange)
Uptake
(Intake)  
(Adhesion)
(Adhesion) 
(Intake)
(Adhesion) 
(Intake)
Sediment 
(see its own 
matrix)
(Infiltration)
(Dredging) 
(Material use)
See Shoreline 
system matrix
Groundwater 
discharge          
(Gas 
discharge)
Groundwater 
discharge          
(Gas 
discharge)
Bedrock
(Exhalation)
See Shoreline 
system matrix
(Effluents) (Dumping) Man
 
 
Figure 10-9. Overall transport matrix in aquatic ecosystems. *) also processes 
Suspended and dissolved matter flow, and Mineralisation included to this cell. The 
sediment sub-matrix refers to the same as the soil sub-matrix in the terrestrial systems, 
Fig. 10-3. 
 
In Fig. 10-9, the overall transport matrix of aquatic ecosystems is presented. The 
external components (Atmosphere, Shoreline system, Bedrock and Man) are defined 
similarly to the terrestrial matrix (Section 10.1.1). Even though the water exchange is 
characteristic to the aquatic systems and forms a group of most important processes, it 
cannot be presented directly in the matrix presentation with the chosen generic 
components. The transport of matter by mixing within the water column and water 
exchange with connected other aquatic ecosystems occurs mainly by advection, but in 
some cases also diffusive transport may play a role. Also, ice cover is not explicitly 
included in the matrix, either, as the presentation is for long-term transport processes, 
but the ice conditions need to be taken into account e.g. in averaging the parameter 
values for the biosphere modelling. 
 
The Water component in the matrix includes particulate and dissolved matter as well, in 
both organic and inorganic forms. These pools could have been separated into their own 
sub-matrix that would then encompass the biochemical, chemical and physical 
processes governing the compounds and their reactions (adsorption, complexation, 
precipitation to the suspended matter, desorption and dissolution from them to the plain 
water), but that was judged to be too detailed in the context. Also pelagic and benthic 
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areas have been combined, but could be presented also separately, both containing 
nearly the same components (Water, Primary producers, Fish, Mammals and birds, 
Other fauna) as has been now presented together for the whole water column, with only 
Detrivores and Sediment being specific to the benthic. 
 
The Sediment compartment can be very thin or nearly missing in places; the bare 
Bedrock can substitute the Sediment layer with part of the processes to and from the 
Sediment attributed to the Bedrock component instead. Division of Sediment into top 
and deep layers was originally outlined, but later abandoned: what has been presented 
for the Soil sub-system above (section 10.1.1) is rather directly applicable to the aquatic 
sediments as well. The top layer would consist of the loose surface sediment (without 
the bacterial mat included in the Detrivores), to which the wave actions may affect and 
which would become surface Soil (rooting layer beneath the humus) by 
terrestrialisation. The deeper part of the Sediment can be considered as the burial layer 
that has no direct contact to the water column. It is usually very low in organic 
substances since they have already been consumed in the top layer. The deeper part 
could be further divided into different horizons, case by case. 
 
The other components in the aquatic matrix are: 
 Primary producers; phyto- and bacterioplankton, helophytes (biennial or 
herbaceous plants, only buds survive over winter), submergent macrophytes 
(emergent plants are considered to be present only in the Shoreline system, see 
Section 10.3) – in the benthic only bacterioplankton and submergent 
macrophytes make the primary production 
 Detrivores, includes also the microbes (especially the microbial mat of the 
bottom). The Litter is further processed by Decomposers, i.e., microbes, fungi 
(fruit bodies included here) and detrivorous fauna, to further provide the Soil 
with organic and inorganic matter 
 Fish; could be further divided from the perspective of food web into 
phytoplankton-feeding, zooplankton-feeding, piscivorous and omnivorous fish 
 Mammals and birds 
 Other fauna (than in the abovementioned components); zooplankton and filter-
feeders, in the benthic also zoobenthos and macrobenthos. 
 
Of the transport processes, most are as in the Terrestrial system (Section 10.1.1): 
 Bioturbation  
 CO2 uptake (photosynthesis) 
 Deposition 
 Drinking 
 Excretion 
 Food source 
 Groundwater discharge from the Bedrock 
 Inhalation 
 Intake (concerning both intake from the Water and from the Sediment) 
 Mineralisation 
 Rainfall 
 Resuspension (of the Sediment to the Water, instead of the Atmosphere) 
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 Root exudation and channelling 
 Runoff (specifically transporting matter from the Shoreline system and within the 
Sediment) 
 Terrestrialisation 
 Uptake (can happen also directly from the Water) 
 
Processes specific to the aquatic transport matrix, in contrast to the Terrestrial system, are 
 Flotation of litter on water column; e.g., sticks, branches, foliage, pollen, seeds 
 Sedimentation; settling and descent of particulate matter from the Water column 
to the Sediment 
 Suspended and dissolved matter flow; matter carried by water exchange 
 Water exchange between water bodies, between the Water and the Sediment (by 
advection and diffusion) 
 
Of the generally less important processes, the following have been defined already for the 
Terrestrial system (Section 10.1.1): 
 Adhesion 
 Degradation 
 Exhalation 
 Gas discharge from the Bedrock 
 Gas exchange 
 Infiltration of groundwater to the Bedrock 
 Material use 
 Migration 
 Respiration 
 
Specific to the Aquatic system are the processes of: 
 Cutting of vegetation, e.g. to keep boat passages open 
 Dredging of the Sediment (and usually to an extent also the Water) and disposing 
them in at a different location 
 Dumping of matter to the water body 
 Effluents; release of liquid wastes to the water body 
 Leftovers; dead material the Detrivores cannot or do not handle 
 Sea spray, or droplet production; matter can be released from the surfaces of 
water bodies by the creation of droplets either from bubble bursting or from 
waves 
 
 
10.2.2  Mass balances and fluxes in coastal areas (sea) 
The most significant processes of mass fluxes in water ecosystems are connected to the 
food web. The basic idea is that energy and nutrients flow from primary producers to 
upper trophy phases. The most important nutrients are carbon, phosphorus and nitrogen.  
 
Energy and different substances flow through the producers to the consumers and 
decomposers. These food chains form a food web with complex interactions. The 
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producers convert inorganic material into organic matter, and are responsible for the 
primary production. Consumers use ready-made organic material. 
 
Macrophytes are the most important primary producers in the coastal area and in lakes. 
The phytoplankton is responsible for the primary production in the open water. 
Herbivores (e.g., zooplankton or snails) feed directly on the macrophytes or 
phytoplankton and predators feed on other animals. 
 
Bacteria and other consumers, which use the remains of the dead plants and animals 
(detritus), are detrivores or decomposers. The detrivores return organic matter into 
inorganic form, which is usable to primary producers. The detrivores also release 
inorganic substances back into the system. The microbial loop, which mainly occurs in 
open water, is very important way to return organic matter back into the food web: 
bacteria can use the dissolved organic matter excreted by other organisms or released as 
organisms die, by transforming it into particulate organic matter and making it available 
to consumers. 
 
The coastal zone acts as a kind of filter between mainland and the open sea area, 
trapping nutrients and other substances; solids, nutrients and pollutants have been 
deposited in the bottom sediments during the years. Nutrients are continuously 
circulating in the ecosystem. The availability of nutrients is one of the primary factors 
limiting the growth of algae and plants. The nutrients stored in sediments can be 
returned into the productive surface layer through resuspension and leaching of the 
sediment.  
 
Carbon cycle 
 
In the coastal zones, the biogeochemical cycle of carbon is coupled to the cycles of 
nitrogen and phosphorus through biological transfer processes. The carbon cycle is 
based on carbon dioxide (CO2), which can be found in water in dissolved form. Carbon, 
which is used by producers, consumers and decomposers, cycles fairly rapidly in water 
and biota. Part of carbon is stored in biomass. In the aquatic ecosystem the main part of 
carbon is stored in sediments. After a time carbon dioxide can be released through 
weathering or other processes that bring sediment to the surface of water. 
 
Data on site-relevant carbon storages and flows in coastal area off Olkiluoto, as 
additional to the data of (Lindborg 2005), are limited to phytoplankton. Phytoplankton 
production values (net primary production) have been measured in the Olkiluoto coastal 
area since the 1970s, with a mean of 55 gC/m²/y for 2000–2008 (section 7.1.4). For 
generic data, Sisula (1980) gives primary production values of 10–25 gC/m²/y for the 
Gulf of Bothnia and 30–50 gC/m²/y for the Gulf of Finland. 
 
10.2.3  Mass balances and fluxes in lakes  
The mass balances and fluxes in lakes are based on a food web similar to the coastal 
areas (see above): energy and nutrients flow form primary producers to upper trophy 
phases. The most important nutrients are carbon, phosphorus and nitrogen. The role of the 
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sediment and processes which transfer substances between sediment and water are more 
significant. 
 
Carbon cycle  
 
According to recent studies, the freshwater bodies play a very significant role in 
regional and global carbon cycles (Kortelainen 2007). Lakes receive carbon and other 
nutrients mainly through leaching. The role of the micro-organisms in waters and in 
sediments is significant in cycling the carbon. 
 
Site-specific data of carbon cycles for the lakes selected to represent the expected future 
lakes at Olkiluoto are lacking, and, therefore, the values in Table 10-14 are taken from 
the literature (Eloranta 1996, Sarvala et. al. 1982, Wetzel 2001). However, the 
representativeness of these values can be very poor, because the lakes are individual and 
the ecosystem of each lake is different from others. In the future, most important of 
these storages and fluxes (mainly complemented by the data of (Lindborg 2005)) shall 
be studied from the selected lakes. 
 
Table 10-14. Site-relevant carbon storages and flows for lakes expected to form at the 
Olkiluoto site in future, as additional to the data of (Lindborg 2005). For production of 
edible fish and by waterfowl, see also Table 11-18 in the following chapter. 
 
Trophic role Representative species 
Storage 
gC/m2 
Production 
gC/y/m2 
Consumption * 
gC/y/m2 
Respiration 
% ** 
Faeces 
% ** 
Phytoplankton  290 a 100–520 b    
Vascular plant Equisetum sp. 322.8 a 1.4–117 b    
Zooplankton  406 a c d 4–17% e 69–86% e 
Zoobenthos  3,253 a f  25% e 70% e 
Insect larvae   g    
Fish  99 h i  16% e, j 64% e, j 
* Sum of all intakes 
** % of ingested food 
a (Sarvala et al. 1982) for Lake Pääjärvi, late summer. 
b Wetzel 2001. For phytoplankton in an oligotrophic lake values of 10–40, and for a eutropic lake 75–125 could be used. 
c (Wetzel 2001) gives a value of 1.1–36 gC/y/m³. (Eloranta 1996) provides another values of <100 kgdw/y/ha for oligotrophic, 150-250 
kgdw/y/ha for mesotropic and >250 kgdw/y/ha for eutropic lakes. 
d Filtering rate of phytoplankton is 1.6–6.4 ml/animal/day (ml of water and matter with that). The grazing rates of Cladoceran sp. vary 
greatly with body size, food and temperature. (Wetzel 2001) 
e (Wetzel 2001) 
f 15.2 gfw/y/m² (Tarvainen et al. 2008) 
g Chaoborus flavicans 0.022 g/m³/d (Wetzel 2001) 
h Young littoral fish, Lake Pääjärvi (Sarvala et al. 1982). 
i 5–15 kg/y/ha (Sarvala et al. 1982). 
j Perch (Perca fluviatilis). 
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10.2.4  Mass balances and fluxes in rivers 
The flowing water characterises the ecosystem of the rivers. The rivers receive nutrients 
and other substances through leaching and often in wastewaters. The rapid changes in 
flow rates cause erosion and increases nutrient transfer from sediment to water. River 
processes will be handled in more detail in the next Biosphere description report. 
 
Carbon cycle 
 
The river carbon cycle is not widely studied but according to the few available data, the 
carbon cycle of the rivers plays a bigger role in global carbon cycle than previously 
understood.  
 
Data on site-relevant carbon storages and flows in rivers, as additional to the data of 
(Lindborg 2005), are limited to phytoplankton: Wetzel (2001) gives an estimate of 3.5–
810 gC/m²/y for the production. 
 
 
10.3  Shoreline systems 
In this section, the Shoreline system matrix is presented. It ties together the Terrestrial 
and Aquatic system matrices, and this forms thus the level of landscape in the long-term 
transport process descriptions, in essence. The Shoreline system (Fig. 10-10) includes 
same processes and components as the other systems (Sections 10.1.1 and 10.2.1), but 
in a simplified form. 
 
275 
Atmo-              
sphere
See 
Terrestrial 
system matrix
(Inhalation) 
(Migration)
Deposition 
Rainfall                  
CO2 uptake
Deposition 
Rainfall
(Inhalation) 
(Migration)
Deposition 
Rainfall                  
CO2 uptake
Deposition 
Rainfall
(Deposition) 
(Rainfall)
See Aquatic 
system matrix
(Deposition) 
(Rainfall)
(Inhalation)
See 
Terrestrial 
system matrix
Terrestrial (Migration) Runoff          
(Litterfall)
(Migration) Litterfall (Litterfall)
See 
Terrestrial 
system matrix
See 
Terrestrial 
system matrix
(Exhalation) 
(Migration)
(Migration) Fauna Bioturbation   
Excretion
(Migration) 
(Food source)
(Food source)
(Respiration) Food source Flora
Litterfall   
Decomp.    
Root 
exudation
(Food source) (Food source)
Gas exchange
Terrestriali-
sation
Food source Uptake Soil Runoff Runoff (Infiltration) (Ingestion) 
(Dredging)
(Migration) 
(Exhalation)
(Migration)
(Food source) 
(Migration)
Fauna Excretion Bioturbation   
Excretion
(Migration) Food source
(Respiration) (Food source) Food source Flora
Decomp.  
Leaching/ 
detatch.
"Litterfall" 
Decomp.          
Root 
exudation
Flotation (Food source)
(Gas 
exchange) 
(Sea spray)
(Sea spray)
(Sea spray) 
(Drinking)
(Sea spray) Flooding
Food source 
(Drinking)
Uptake
Water 
column
Sedimentation 
Water 
exchange  
....more *)
Water 
exchange
Drinking           
Water usage 
(Ingestion) 
(Dredging)
Terrestriali-
sation
Food source Uptake
Water exch. 
Resuspension 
Bioturbation
Sediment Runoff (Infiltration) (Dredging) 
(Material use)
See Aquatic 
system matrix
(Migration) Flotation
Water 
exchange   
Susp. and 
diss. matter 
flow
Terres-
trialisation
Aquatic See Aquatic 
matrix
See Aquatic 
matrix
See 
Terrestrial 
system matrix
Groundwater 
discharge          
(Gas 
discharge)
Groundwater 
discharge          
(Gas 
discharge)
See Aquatic 
matrix
Bedrock
(Exhalation)
See 
Terrestrial 
system matrix
(Dumping) (Effluents) (Dumping)
See Aquatic 
matrix
Man
 
Geolittoral sub-matrix Hydrolittoral sub-matrix  
 
Figure 10-10. Overall transport matrix for shoreline systems. *) also processes 
Suspended and dissolved matter flow, Root exudation, Root channelling/intrusion, and 
Mineralisation included to this cell. 
 
 
The transport processes in the Shoreline system result from the interaction of wind, 
waves and currents with the water column, sediments, and biota. The Shoreline system 
is an area of high primary production because of shallowness and nutrient input from 
the catchments. Large parts of the Shoreline are covered by macrophytes. The water 
body is so shallow that the light reaches the bottom and enables the growth of vascular 
plants and attached macroalgae. The species composition is dependent on the bottom 
type. The phytal area is remarkable as a breeding and nursery ground for many pelagic 
fish (e.g. Baltic herring) and invertebrates. 
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11  RECOMMENDATIONS OF DATA TO BE USED IN THE BIOSPHERE 
 ASSESSMENT 
In this chapter, recommendations of data to be used in the biosphere assessment are 
given. However, only key parameters and key nuclides are addressed here and rest of 
the parameters listed in Table 1-2 will be dealt with in a background report to be 
published later in 2009 (Ikonen et al. 2009a). In that report, more details on the 
derivation of the presented parameters are given. Furthermore, the Models & data report 
at the main level of the safety case is parallel to this chapter. Some data reported here 
are used also in the Site description or the Bedrock description reports, but their usage is 
not discussed here. 
 
Even though values are provided here, they might need to be complemented by other 
data, for example, from the literature in order to cover the uncertainties. The issue is 
briefly discussed among the special thematic considerations in Chapter 14. Here the 
parameters are not explicitly ranked by their importance since the initial site-specific 
database needs to be created, but the experience from recent assessments affect the 
selection of the most important parameters and data sets. The identification of the key 
data depends on the nature of the modelling: 
 Terrain and ecosystem development modelling and the structuring of the 
landscape model: The prime focus is to make this stage as accurate and reliable 
as possible. The model and data needs are mainly driven by the identification of 
key processes in conjunction with expert judgment.  
 Radionuclide transport modelling: A rather equal mix between the best available 
science, expert judgement and sensitivity assessment performed on the 
underlying sub-models in previous assessments and exercises. The main 
approach to identify key data is through sensitivity assessment, where the 
radionuclide composition of the release from the geosphere in the biosphere has 
the most central role. 
 Assessment of radiological consequences: This is to a high degree driven by 
regulatory requirements and internationally recommended approaches. Selection 
of key data involves a combination of using internationally recommended data, 
sensitivity analysis and expert judgment. 
The key nuclides addressed here (Priority I: C-14, I-129, Cl-36) are indentified based on 
their significance to dose contribution as described in Section 1.3. The site-specific data 
for the other nuclides relevant to Posiva biosphere assessment are presented in the 
forthcoming background data report.  
 
 
11.1  Overview of biosphere assessment models 
The overall aims of the biosphere assessment in the context of the safety case are to 
describe the present and future, and relevant past, conditions of and prevailing processes 
in the surface systems of the Olkiluoto site, to model the transport and fate of 
radionuclides hypothetically released from the repository through the geosphere to the 
surface environments, and to assess possible radiological consequences to humans and 
other biota. From a modelling point of view, the biosphere assessment process (Fig. 1-4 
in section 1.2.4) can be divided into five main sub-processes, or components:  
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 Biosphere description, interpreting the data on the current features, processes 
and properties into ecosystem models (Chapter 10) and providing site data for 
the rest of the biosphere assessment. 
 Terrain and ecosystems development modelling, making forecasts of biosphere 
states in the future (including also the surface and near-surface hydrology). 
 Landscape model configuration process, interpreting the forecasts and 
constructing a compartment model for the radionuclide transport modelling. 
 Radionuclide transport modelling, assessing the transport and fate of 
radionuclides released from the bedrock to the biosphere with a graded three-
tiered approach (see Section 11.1.4 below). 
 Dose assessment, analysing the radiological consequences of the radionuclide 
releases on humans and other biota based on the concentrations in the 
environmental media simulated by the radionuclide transport modelling. 
 
11.1.1  Terrain, overburden and land uplift models 
Terrain models describe the elevation of the ground and the depth of the sea-bottom 
surface, and are a key input in land uplift and surface hydrological modelling. A high 
resolution statistical digital terrain model of Olkiluoto Island and its surroundings has 
been derived by combining the existing data with the uncertainty information from 
various sources (Pohjola et al. 2009). Thin-plate-spline interpolation of the minimum 
energy surface was used for the creation of a 2.5-metre raster. Possibly erroneous data 
values were rejected from the model by using a spatial autocorrelation method. The 
error distribution of the model for each elevation point was calculated by Monte Carlo 
simulation of at least 2,000 realisations for each point, allowing point-wise probability 
distributions of the elevation value to be computed. 
 
Type and thickness of the overburden affect local hydrological and erosion processes 
and, for example, soil fertility. A model describing the thickness and structure of 
overburden both on land and sea bottom is used by the surface hydrology model and the 
terrain and ecosystem forecasts. All existing information on overburden thickness and 
type is compiled and structured using Surpac software (www.gemcomsoftware.com) to 
visualise data and interpolate, using expert judgment where necessary, estimates of 
overburden layer thicknesses for areas with no data. In the model, conceptualised soil 
and sediment types are used and a standard stratification order is assumed, despite some 
known exceptions. 
 
During the last glaciation, the weight of the ice sheet caused the Fennoscandian crust to 
deform and downwarp several hundred metres. During and soon after the deglaciation, 
when the ice sheet melted and the load decreased and finally ceased, the initial uplift 
was rapid; the fast phase has decreased with time, and only the so-called slow 
component prevails. Regionally the uplift rate can be presented in relation to download 
and inertia factors that depend on local conditions such as the ice-sheet thickness 
(stress) and the thickness and other properties of the crust, respectively (Påsse 1996a, 
1997, 2001, Påsse & Andersson 2005). The model version used by Posiva is 
documented in detail in Vuorela et al. (2009). 
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11.1.2  Surface and near-surface hydrological model 
For estimating the movements and storages of water in the ecosystem models and in the 
radionuclide transport models of agricultural and forest ecosystems, horizontal and 
vertical water fluxes in the overburden and on the ground are modelled in a 3D grid 
with various types of spatial and temporal conceptualisations linking the unsaturated 
and saturated soil water in the overburden and groundwater in bedrock to a continuous 
pressure system.  
 
The model has been calibrated for the present-day conditions (Karvonen 2008, 
2009a,b), but the parameterisation of soil layers, land use and vegetation was done in 
such a way that the model can later be used for description of the past evolution of the 
overburden hydrology at the site, as well as the hydrological evolution of the 
overburden in the future (Karvonen 2008, 2009c).  The effect of land uplift on surface 
hydrology is taken into account by using the ground surface elevation as an input value. 
Influence of different type of climate scenarios on water-balance components (surface 
and subsurface runoff, interception, transpiration, flux at overburden-bedrock interface) 
can be taken into account by manipulating the meteorological inputs. 
 
11.1.3  Terrain and ecosystem development modelling 
For simulating the land uplift driven or other changes in the biosphere until and beyond 
the time when the potential releases would reach it, a GIS toolbox named UNTAMO 
has been developed. The tools and the simulation flow will be documented in detail 
later as a part of the 2009 biosphere assessment reporting. Briefly, the toolbox consists 
of following main parts: 
 Land uplift and delineation of the sea area, 
 Surface water bodies, 
 Terrestrial and aquatic erosion, 
 Accumulation of organic matter, 
 Terrestrial vegetation, 
 Aquatic vegetation, 
 Fauna habitats,  
 Human settlement and land use, and 
 Simulation control. 
 
The land uplift module includes an implementation of Påsse's semi-empirical model 
(Påsse 1996a, 1997, 2001, Påsse & Andersson 2005) as interpreted by Vuorela et al. 
(2009) and summarised in Section 11.1.1. The delineation of the sea identifies those 
areas below the sea level resulting from the land uplift model or additional sea level 
changes, for example, due to anthropogenic climate change, and removes such areas 
that do not have connection to the Baltic Sea, such as depressions and lake bottoms. 
 
Surface waterbodies are identified with conventional GIS analysis (flow accumulation). 
The runoff generation is modelled by a simplified concept of using a constant value for 
the fraction of precipitation appearing as the water flow in the rivers, but improvements 
based on a more detailed water balance analysis are planned. The cross-section 
dimensions of the rivers and smaller streams are calculated based on the open channel 
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flow and usage of the Manning equation combined with the continuity equation as 
inferred in IAEA (2001) and used in the river model of Jonsson & Elert (2005). The 
water level in lakes will be modelled with the same approach in the next update of the 
toolbox. 
 
The terrestrial erosion and redistribution of surface soils is simulated by applying the 
USPED/RUSLE model (Zaluski et al. 2004; www.iwr.msu.edu/rusle/) as such: the local 
net erosion is determined by the soil type, land cover and rain intensity (universal soil 
loss equation USLE; e.g., Tattari & Bärlund 2001), and the topography is then taken 
into account by slope analysis making the redistribution simulation in principle similar 
to the water flow accumulation. For aquatic erosion and sedimentation, a fetch approach 
(physical exposure by wind-induced effects; e.g., Ekebom et al. 2003) is applied with 
shear stress conditions at the bottom (Huttula 1994, Shore protection manual 2001, 
Seuna & Vehviläinen 1986). 
 
Accumulation of organic material is modelled in the UNTAMO with to modules: reed 
beds and wetlands. In the present model, gyttja accumulates at a constant rate under the 
simulated reed beds (see below). The peat growth is simulated with the model of Clymo 
(1984); also applied to Finnish conditions by Clymo et al. (1988). In the model, peat 
growth is based on productivity-driven accumulation constrained by the hydrology 
(summer droughts) and the decay in deeper layers. In addition to these modules for 
organic material accumulation, thickness of the humus layer is predicted by the 
vegetation modules. 
 
For the simulation of the development of terrestrial vegetation, there are two versions 
available in the UNTAMO toolbox: a Bayesian prediction based on direct application of 
site data (biomasses with respect to soil type, groundwater table and local solar 
conditions) and a simple vegetation type classification method. The former has been 
described by Ikonen et al. (2008), and the latter is presented in essence below 
(especially Tables 11-7, 11-8, 11-9 and 11-10). Both modules include also groundwater 
table prediction, which is based on a function fitting to the observed relation of the 
elevation and the groundwater table at Olkiluoto (Ikonen 2007b). The groundwater table 
component is planned to be improved in the following versions of the toolbox. 
 
In the present model version, the aquatic vegetation includes only reed bed prediction. 
The existence of reed colonies is determined by a depth threshold and wave exposure 
criteria (fetch analysis) calibrated with site data. 
 
Identification of habitats of characteristic groups of animals has not been implemented 
in the toolbox yet, but at the current stage it would be based on identification of 
different ecosystems and their properties affecting the habitats as described earlier in 
this report (Chapters 4-9). The module will be developed based on this information to 
compile information on the preferred, suitable and repulsive areas for the characteristic 
animal groups. 
 
As land use types, at the moment only locations of croplands are identified based on the 
generic soil suitability (Table 8-1) and preference in the region at present (almost solely 
on clay or gyttja/mud soils; Ikonen 2007b). In addition, the required soil thickness (50 
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cm; Section 8.1) is taken into account. Another part of the Human settlement and land 
use module, the illustrative human settlement simulator, is based on correlations of 
various factors affecting the house density around the Olkiluoto site. Such factors are, 
for example, soil type and distances to the main road, nearest neighbour or a water 
body. The appearance of main roads is simulated with conventional cost surface 
analysis. As the prediction is meant only for illustration and reflecting the present-day 
housing pattern to the future, the details of the site data on which the model is based is 
left to the background site data report to be published later in 2009 (Ikonen et al. 
2009a). 
 
The simulation control part of the toolbox facilitates setting up, running and auditing a 
full or partial simulation. In the parameter value set-up dialogue box, there are access 
and synchronisation functionalities so that the validity of the parameters can be 
controlled in Posiva's Biosphere Assessment Database (BSAdb) including quality 
assurance and control scrutiny. The auditing functions keep track on the performance of 
the simulation and confirm whether the BSAdb data has been used or manipulated, or if 
the output files comply with the performance and setup log; a "fingerprint" code is 
included in all the results for verification. 
 
The UNTAMO toolbox is used in the biosphere assessment together with the surface 
and near-surface hydrological model (Karvonen 2008, 2009a-c). The future terrain and 
ecosystems are forecast with UNTAMO and delivered as input data to simulate the 
groundwater flow and table in detail, further to be used as the groundwater head 
boundary condition in the deep groundwater flow modelling (e.g., Nykyri et al. 2008). 
Further in the safety assessment chain, the deep groundwater flow model is used to 
simulate potential release paths from the repository to the upper bedrock, which are then 
further continued in the surface and near-surface hydrology model to the rooting zone or 
to the surface water bodies. These release locations are then input to the UNTAMO for 
delineation of possibly contaminated, homogeneously enough
6
 biosphere objects in a 
hydrologically valid chain downstream to the sea. 
 
11.1.4  Radionuclide transport models 
The radionuclide transport modelling process includes the traditional ecosystem-
specific compartment models underlying the landscape model, and the screening models 
introduced in the 2009 biosphere assessment. To increase clarity, the radiological 
consequence analysis is not separated here from the transport modelling for safety 
indicators. 
 
In the 2009 biosphere assessment, a graded approach to radionuclide transport 
modelling is implemented with three tiers (Fig. 11-1), compatible with international 
experience and guidance (IAEA 2006, ICRP 2007). The common denominator in tiered 
approaches is that the complexity and realism increases at the higher tiers. The first two 
tiers are screening evaluations based mainly on literature data, using two levels of 
inherent pessimism in the applied screening models. The third tier involves a site-
                                                          
6 The adequate homogeneity is determined by change of properties affecting to the parameter values in the biosphere radionuclide 
transport modelling (see data later in this chapter and in the background data report) and size related to validity of the compartment 
modelling in respect of reliability of predictions on the exposure to the contamination (variability/mixing within compartments), to 
be discussed in detail in other biosphere assessment reports. 
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specific state-of-the-art coupled time-dependent ecosystem-specific radionuclide 
transport model, in conjunction with a dose assessment based on the most recent 
international recommendations (ICRP 2007). The landscape modelling described below 
is that undertaken at Tier 3 due to its requirement for site-specific data, whereas both 
Tier 1 and 2 are based on a pre-selected screening value for the annual effective dose to 
humans and a screening environmental media radioactivity concentration for other 
biota.  
 
Biosphere objects used in the landscape modelling 
 
The biosphere object models have recently been updated, based on a sensitivity analysis 
(Broed 2006, 2007), and internal auditing against available site-specific data and best 
scientific knowledge; these updated models are used in the 2009 biosphere assessment. 
A great improvement in the models is that they are consistent at a conceptual level, 
meaning that the structure of compartments is similar in all models. This will facilitate 
coupling between ecosystems existing at the same time, and the transition between 
ecosystem types due to the evolution of the biosphere, for example, when new terrestrial 
ecosystems are formed from the sea due to land uplift. All included ecosystem-specific 
models (forest, wetland, agricultural land, lakes, rivers, sea) could, in principle, be 
illustrated in one generic model. However, for clarity, the models are divided into a 
generic terrestrial and a generic aquatic model; these are presented in Figures 11-2 and 
11-3. 
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Figure 11-1. Simplified illustration of how the graded approach is applied in the 
radionuclide transport modelling component in the biosphere assessment process. The 
dashed line indicates that both tiers are always performed on the full release rate data 
sets. Tier 3 is assessing only selected radionuclides, and following from the formulation 
of the graded approach, the site data are needed only there.  
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Figure 11-2. Conceptual radionuclide transport model for terrestrial ecosystems in the 
landscape model, forest (F), wetland (W) and agricultural land (A). The indices in the 
compartment names define for which ecosystem(s) they are valid. 
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Figure 11-3. Conceptual radionuclide transport model for aquatic ecosystems in the 
landscape model (lake, river, sea and coastal areas). 
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Figure 11-4. Conceptual models for the radionuclide transport and exposure pathways 
to derive the dose conversion factors in the two well scenarios.  
 
Safety indicators 
 
Safety indicators generally have the purpose of supporting the safety cases by building 
understanding of, and confidence in, the outcome and conclusions of the safety 
assessment. In the biosphere assessment, they include both doses derived from robust, 
stylised scenarios, and other quantities illustrating the behaviour of the biosphere, either 
as whole or as individual system components. Two indicative stylised well scenarios are 
applied to derive safety indicators (Broed et al. 2007): one drinking water well and one 
agricultural well (see Fig. 11-4). Applying the dose conversion factors (derived using 
the scenarios) to the annual release from the geosphere results in the safety indicator, 
considered to be indicative of hypothetical annual effective dose received by a 
representative member of the most exposed group. As indicators, these models are not 
provided with site data by the present biosphere description, although they benefit from 
the overall understanding and description of the site conditions, especially regarding 
agriculture. 
 
11.1.5  Dose assessment models 
The process describe above, radionuclide transport modelling, provides the input for 
dose assessment, spatially distributed time-dependent radioactivity concentrations. The 
models and concepts presented below are used to estimate consequences to humans and 
other biota potentially arising due to these activity concentrations. The focus is on the 
main quantities to be used in the compliance assessment. The models to derive other 
quantities that will likely be used in the biosphere assessment, such as collective doses 
or ecosystem-specific dose conversion factors, are not included. 
 
Doses to humans 
 
The dose assessment aims to determine compliance with the regulatory dose constraints. 
According to ICRP (2007), dose assessment is a multistage process that is summarised 
as it is applied in the Posiva biosphere assessment in Fig. 11-5.  
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Figure 11-5. General process for converting calculated environmental media 
radioactivity into suitable quantities to be used in the compliance assessment. 
 
The key conceptual assumptions and models used in assessing the doses to humans are: 
 Radioactivity concentrations in the foodstuffs produced in the biosphere model 
area are calculated using moderately pessimistic site and complementary 
literature values for key parameters such as transfers to the foodstuffs and their 
production.  
 The exposure scenario is a reasonable one, in line with the ICRP representative 
person concept (IAEA 2007), with ingestion of food, water, inhalation and 
external exposure as the pathways, cautious assumptions for occupancy and use 
of the local resources and average intake rates. The number of exposed people, 
or the size of the "other public" (STUK 2001), is restricted by the capacity to 
produce food and drinking water, and by population density based on the current 
demography.  
 Dose calculation and identification are based on a deterministic approach, where 
annual effective doses from the use of the landscape are derived from one 
dominant pathway and typical values for other pathways for each exposed 
person in each generation, with typical doses being pathway-specific population-
weighted average doses.  
 The most exposed group is identified as all persons receiving a dose over the 
95th percentile in the annual landscape dose distribution, and the dose for the 
representative person of this group is the average dose within the group. The 
dose for the representative person for other members of the public is the average 
dose in the entire annual landscape dose distribution.  
 In the compliance assessment, the doses defined above are compared with the 
regulatory dose constraints to the most exposed members and other members of 
the public (Section 1.2.3). 
 
Doses to other biota 
 
The assessment of consequences to other biota is not as mature as for humans, both in 
the Posiva safety case and internationally. To assess these consequences, typical doses 
to flora and fauna of the types currently present at the site will be calculated. The 
approach is based on Tier 3 of the ERICA project (Beresford et al. 2007) conducted 
under the EC 6th framework programme. ERICA aimed to provide an integrated 
approach to scientific, managerial and societal issues concerning the environmental 
effects of contaminants emitting ionising radiation, with emphasis on biota and 
ecosystems. The general approach is presented in Figure 11-6. 
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Figure 11-6. General process for converting calculated environmental media 
radioactivity into suitable quantities to be used in assessing the doses to the other biota.  
 
One major difference regarding the other biota, compared with assessing doses to 
humans, is the wide variety of taxa.  Consequently, the first task to carry out is to 
identify a group of assessment species (reference organisms; reference animals and 
plants, or RAPs). Then, as for humans, the assessment is a multistage process, and can 
be summarised as follows: 
 Obtain information about the environment, specifically the simulated  
concentrations of radionuclides in environmental media, but also site-specific 
geometrical data for the identified reference organisms. 
 Derive the internal concentrations in the biota to be assessed, by application of 
concentration ratios. Ingestion and inhalation are described through the use of 
aggregated transfer factors. 
 Calculate internal and external doses. Following the methodology recently 
adopted internationally, a simplified (ellipsoidal, see Fig. 11-7) geometry 
representative of the dimensions of the main body of the organism is assumed in 
the derivation of dose conversion coefficients. Species-specific occupancy habits 
are also considered. 
 Sum the contributions from external and internal exposure as appropriate. 
 Lastly, identify typical doses for reference organisms to be used in the 
compliance assessment.  
 
Photo: Hannu Huovila
 
Figure 11-7. Illustration of the applied simplified geometry and the exposure pathways 
considered (external radiation; combined ingestion and inhalation). 
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11.2  Recommended parameter values and their derivation 
In this section, data are recommended with justification for use in the different models 
of the biosphere assessment. Due to the great extent of parameters required, this report 
presents only the key data regarding the predicting of radionuclide transport and 
exposure by humans and other biota. Procedures to identify these key parameters are 
discussed above, right at the beginning of this chapter. Similar recommendations for use 
of site data in the other parameters of the models will be presented in a background 
report to be published later in 2009 (Ikonen et al. 2009a). Even though site- and region-
specific data are given, literature data are also needed to the extent of ensuring the 
validity of the input data in the various models from the point of view of the assessment. 
This issue is briefly discussed among the special thematic considerations in Chapter 14. 
 
11.2.1  Terrain, overburden and land uplift models 
In the terrain (topographic) and overburden models, nearly all data could be considered 
to be key data since the models are statistical or interpretative. The expected release 
areas of contamination from the repository through the bedrock could be taken to 
identify the areas for key data. However, these data would also, at least to some extent, 
affect and be affected by the surrounding area since interpolation methods are used. 
Pohjola et al. (2009) has listed and addressed the uncertainties of the input data to the 
terrain model (not repeated here for conciseness). The development of the overburden 
3D model has just been initiated, and its contribution to the outcome and uncertainties 
of the radionuclide transport and dose assessments remains to be reported in the 
respective reports. As a major conceptual prerequisite to the overburden modelling and 
interpreting the various data, the assumed stratigraphical order is presented here in Fig. 
11-8. It is based on expert judgment and review of the relevant information, and has 
been further developed from that presented in Posiva (2003). 
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Fine-grained till, sand, or mixed glacio-
aquatic sediment 
Glaciofluvial; at the margin of the glacial ice sheet, 
or, effect of littoral forces and rivers 
Washed (coarse/medium-grained) till Glacier activity on or in the glacier, or at its margin 
Compact till Glacier activity under the glacier 
Weathered rock In situ weathered rock 
Precambrian 
bedrock 
Jotnian            
sandstone 
 
Stratum Notes on the origin 
 
Figure 11-8. Interpreted standard stratification order of overburden at Olkiluoto. Not 
all layers are present in every point, and layers can be missing from between. 
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Considering the land uplift model, the situation is rather similar but even more difficult 
with respect to pointing out the key data. Firstly, the model is at the best regional, and 
results affecting the land uplift predictions at Olkiluoto depend on the values in the 
download and inertia factor rasters that are interpolated from data points scattered rather 
sparsely around Fennoscandinavia. Naturally, data closest to Olkiluoto has a major 
effect, but into the direction it exists; for example to northeast and northwest other data 
tend to affect the shape of the raster surfaces. In addition, the average value at Olkiluoto 
as such does not affect except to the rate of the uplift (i.e., timing of stages in the shore-
level displacement), but the variation in the modelling area might cause, for example, 
relocation of streams due to land tilting. Vuorela et al. (2009) have studied the 
uncertainties with respect to the Olkiluoto site, and also presented the spatial coverage 
of the data. Their effect on the dose assessment results will be discussed in other 
biosphere assessment reports. 
 
11.2.2  Surface and near-surface hydrological model 
Three different types of data are needed in the surface and near-surface hydrological 
model: 1) spatio-temporal data, 2) spatial data and 3) parameter values for the different 
sub-models. The most important temporally and to an extent also spatially varying data 
are meteorological data – precipitation, air temperature, radiation, relative humidity, 
wind speed – needed as input values for the model. Moreover, measured groundwater 
levels, pressure heads in shallow bedrock tubes and discharges in overflow weirs are 
needed in the calibration of the model, but are not within the scope of this report (see 
Posiva 2009).  
 
The key spatial data are terrain model, overburden thickness model, surface ditch 
network, land use type, vegetation type and soil type. For the model of future surface 
hydrology, all these are simulated in the terrain and ecosystem development model and 
transferred to the inputs of the surface hydrology model. 
 
The most important model parameters are related to vegetation and soil.  The key 
vegetation parameters are those influencing interception and transpiration. Maximum 
stomatal conductance (Karvonen 2009b) needed in the transpiration model was 
calibrated using the sap flow measurements from forest intensive monitoring plots (FIP) 
(Haapanen 2008, 2009). Parameters related to the dependence of the conductance on 
meteorological variables and soil water pressure head were taken from literature 
(Kellomäki & Wang 2000).  Rainfall and snowfall interception capacities were 
calibrated using the FIP data and other interception model parameters were taken from 
literature (Koivusalo & Kokkonen 2002). 
 
Soil hydraulic parameters include saturated hydraulic conductivity and parameters of 
the soil water retention curve (van Genuchten model). Saturated hydraulic conductivity 
values were taken from the results of the slug tests carried out on the Olkiluoto Island 
(Tammisto et al. 2005) and complemented for the other soil types with literature data 
(Table 11-1).  Initial values for the soil water retention curve parameters were obtained 
from measured particle size distribution curves (Jauhiainen 2004) and calibration was 
used to find the final values used in the model (Karvonen 2008, 2009a). 
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Table 11-1. Saturated hydraulic conductivity, K (m/s), of soil types applied in the 
surface hydrology model.  
  
Soil type K (m/s) Reference 
Future site (forecast) 
Peat 2.3E-6 Päivänen (1973) 
Clay, gyttja 4.5E-7 Estimated from present Olkiluoto 
Fine-grained till/sand 5.2E-6 Estimated from present Olkiluoto; Tammisto et  
al. (2005); Tammisto & Lehtinen (2006) Washed till 7.7E-6 
Compact till 2.5E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Present Olkiluoto 
Gravelly till 5.8E-5 Tammisto et al. (2005); Tammisto & Lehtinen (2006) 
Sandy till 1.6E-5 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Fine-textured till 6.8E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Gravel 6.4E-5 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Coarse sand 9.3E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Coarse fine sand 5.8E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Fine sand 4.6E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Very fine sand 2.7E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Clay 1.1E-6 Keskitalo & Lindgren (2007); Keskitalo (2008) 
Sedge peat 3.5E-6 Päivänen (1973) 
Sphagnum peat 3.8E-6 Päivänen (1973) 
Mull 6.9E-6 Calibration: Karvonen (2009a) 
Exposed bedrock 1.0E-8 Posiva (2009) 
Stone field 2.3E-5 Keskitalo (2008); Keskitalo & Lindgren (2007) 
Both for present and forecast 
Tillage 3.5E-5 Calibration: Karvonen (2009a) 
Weathered rock 1.0E-8 Posiva (2009) 
Sea bottom mud/gyttja 4.5E-7 Estimated from present Olkiluoto 
Sea bottom clay 7.5E-7 Estimated from present Olkiluoto 
Sea bottom till 2.5E-6 Estimated from present Olkiluoto 
 
 
11.2.3  Terrain and ecosystem development modelling 
The key data for the present model of the development of the ecosystems (Section 
11.1.3) are, in addition to the models and data described above, the sea-level scenario 
adopted (a higher-level specification in the safety case), and parameters related to runoff 
formation and flow rates, sediment balance, accumulation of organic matter and the 
growth of forest and macrophyte vegetation, all providing the necessary data for 
forecasting the key parameters in the radionuclide transport models either directly or by 
classification. 
 
Runoff formation and flow rates 
 
For modelling the flow rates in the stream network at the future site, it is assumed that 
the runoff formation remains the same as at present in the neighbouring river 
catchments. The flow rate in the future streams is modelled by using specific runoff, 
i.e., the amount of annual precipitation falling on the catchment that reaches the running 
water in the river, calculated from the present-day situation in the rivers Eurajoki and 
Lapinjoki and their catchments. It is acknowledged that this is a rather simplistic 
approach, and, in the future, values depending, for example, on the soil type and land 
use are needed. For finding the value for the specific runoff parameter, the model is 
calibrated using the measured long-term precipitation (Ikonen 2002, 2003, 2007b, 
Haapanen 2008) and river discharge (Environmental information and spatial data 
service - OIVA portal, May 4, 2009) data presented in Table 11-2. The precipitation 
measured at Olkiluoto is used for the entire large catchment of the rivers to be 
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consistent with the localisation of the weather data used in the other biosphere 
modelling. Regulation of the water level in Lake Pyhäjärvi, affecting the discharge to 
the River Eurajoki, is considered to follow the precipitation and to be implicitly taken 
into account in the application of the data. The discharge measurement points are 
presented in App. A-7. 
 
Sediment balance 
 
Similar to the effect of water flow on solutes, the sediment balance (erosion and 
deposition of sediments) regulates the transport of radionuclides sorbed in solid matter. 
For modelling the source of suspended solids in the stream water, the USPED erosion 
model, applied in the terrain and ecosystems development modelling, is provided with 
specific parameter data considered to be applicable to the Olkiluoto site (Ikonen et al. 
2009a,b), and further calibrated by using the recorded suspended solid loads in the 
rivers Eurajoki and Lapinjoki (Environmental information and spatial data service - 
OIVA portal, May 4, 2009) provided in Table 11-3. The monitoring sites are RWS01 
and RWS23 (See App. A-7). 
 
Table 11-2. Annual discharges (m3/s) in rivers in 1995-2007 (Environmental 
information and spatial data service - OIVA portal, May 4, 2009), the catchment areas 
(km2) above the discharge measurement points (based on the topographic database of 
the National Land Survey of Finland) and annual precipitation (mm) at Olkiluoto 
(Ikonen 2002, 2003, 2007b, Haapanen 2008) in 1993-2007. MQ = mean discharge (to 
be used in the model to present the annual total discharge), HQ and NQ = highest and 
lowest daily discharges (m3/s) occurring during the year.  
 
 Lapinjoki, Ylinenkoski Eurajoki, Pappilankoski Precipitation, Olkiluoto MQ HQ NQ MQ HQ NQ 
Mean  3.3 19.9 0.03 8.3 37.5 0.9 532 
Maximum 4.7 27.0  12.5 56.0  705 
Minimum 1.3  0.01 2.9  0.0 316 
Catchment 
area, km
2
 
438 1,229  
 
 
Table 11-3. Annual load of suspended matter (kg/y) in rivers in 1995-2007  
(Environmental information and spatial data service - OIVA portal, May 4, 2009).  
 
 Lapinjoki, Ylinenkoski  Eurajoki, Pappilankoski 
Mean  1.20e6 7.75e6 
Maximum 2.44e6 11.64e6 
Minimum 0.19e6 1.36e6 
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 Table 11-4. Probability (%) of hourly wind directions by speed class and mean and 
maximum hourly wind speeds (m/s) at Olkiluoto in 1993-2008 (Ikonen 2002, 2003, 
2007b, Haapanen 2008, 2009).  
 
 N NE E SE S SW W NW Any sector 
Calm (0–1 m/s) 0.43 0.34 0.32 0.29 0.19 0.18 0.16 0.23 2.14 
Weak (1–3) 5.66 4.70 5.23 8.28 6.87 4.45 3.65 4.73 43.57 
Moderate (4–7) 6.75 3.39 3.71 6.28 11.12 7.38 3.85 4.96 47.43 
Hard (8–13) 1.63 0.09 0.06 0.14 2.02 1.50 0.61 0.74 6.80 
Gale (14–21) 0.05 0 0 0 0.00 0.00 0.00 0.00 0.07 
Storm (>21) 0 0 0 0 0 0 0 0 0.00 
More than 10 m/s 39.1 0.87 0.36 0.15 25.8 15.9 6.11 11.7 100.0 
More than 20 m/s 0 0 0 0 0 0 0 0 0.00 
Any speed class 14.5 8.5 9.3 15.0 20.2 13.5 8.3 10.7 100.0 
Mean speed (m/s) 4.5 3.3 3.3 3.4 4.5 4.6 4.1 4.1 4.1 
Max. speed (m/s) 16.8 12.4 10.6 10.3 14.6 14.3 14.4 14.6 16.8 
 
 
Table 11-5. Critical shear stresses (N/m2) for a bottom sediment. 
 
Sediment 
type Erosion Sedimentation Reference Comments 
Fine silt (fine-
grained sand) 
0.05 0.045 
Huttula (1994) citing 
Podsetchine & 
Huttula (1994) 
Found suitable for Lake Pyhäjärvi, 
represents the value for future lakes at 
Olkiluoto 
 
For underwater erosion and sedimentation, a model based on the wind-direction-
weighted fetch length is applied. For this, the key parameters are the wind speed and 
direction statistics and the critical shear stresses of sediment types that determine 
whether the material is eroded or whether the conditions are favourable for net 
sedimentation. The wind statistics were calculated from the weather data at Olkiluoto 
(Ikonen 2002, 2003, 2007a, Haapanen 2008, 2009), and presented in Table 11-4. For the 
critical stresses only single literature values applicable for the Olkiluoto site are 
available (Table 11-5). They are expected to be valid, since the description of the 
sediment type corresponds to the properties of surface sediments in offshore Olkiluoto 
observed in sediment cores in 2008 (Ilmarinen et al. 2009, and a report on offshore 
sediment cores pending the chemical analysis results). 
 
Accumulation of organic soils and sediments 
 
Accumulation of organic material is an important storage and to an extent a sink of 
organic-bound radionuclides. At Olkiluoto, accumulation has two main modes: 
accumulation during the aquatic phase (gyttja mainly from macrophyte vegetation), and 
peat formation (mire vegetation). The recommended parameter values related to these 
processes are given in Table 11-6. 
 
Table 11-6. Key parameters for accumulation of organic matter.   
 
Parameter Value Reference 
Rate of matter passing catotelm 0.0485 kg/m
2
/y  Clymo et al. (1998) 
Decay rate of organic matter in 
catotelm 
3.7E-5 y
-1
 Clymo et al. (1998) 
Density of peat 91 kgdw/m
3 
Mäkilä (1994) 
Accumulation rate of gyttja 2.7–8.2 mm/y 
Crude estimate based on site data, see the 
text 
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In the terrain and ecosystems development model, accumulation of gyttja occurs only in 
reed beds on the shoreline. The gyttja accumulation rate is assumed constant, and the 
value is derived from the data on Olkiluodonjärvi mire at the site (Leino 2001), because 
more comprehensive surveys are lacking. Based on an isolation date of 1491–1638 A.D. 
(Eronen et al. 1995, Vuorela et al. 2009), and a practically constant land uplift rate of 6 
mm/y (Eronen et al. 1995) indicating that the start of reed colonisation (water depth 2 
m, based on observations from the site) at the location presently 1.5 m a.s.l. (Leino 
2001) was in 1418 A.D., the gyttja layer with a mean thickness of 0.6 m (calculated 
from sounding profile data points of Leino 2001) can be estimated to have been 
accumulating at an average speed of 2.7–8.2 mm/y. Some data exists from Lake 
Joutsijärvi (located in the Reference Area): while in the 1960s the accumulation of dry 
matter was approximately 2,500 g/m
2
/y, it has lowered to approximately 500 g/m
2
/y 
from the 1980s on; on average about 7 mm/y. Organic matter accounts for about 10% of 
these values. The high values in the 1960s resulted from intensive forestry, mainly 
ditching of forests and mires. (Salonen et al. 2002).  
 
The average dry bulk density of peat is based on a database of 49,953 peat samples 
throughout Finland (Mäkilä 1994). However, the literature review has been limited and 
was not focused specifically on the wetland types expected to form at the Olkiluoto site. 
The data should be taken as provisional, and the need for a further study and possibly 
field work is acknowledged. Also testing of the UNTAMO peat growth model by 
application of the most comprehensively studied peat bogs in the reference area (e.g., 
Korhola 1992) is recommended to be carried out as a part of the terrain development 
modelling. The main parameters of the peat growth model, essentially as in Clymo 
(1984), have been taken from a survey covering whole Finland (Clymo et al. 1998; 
Table 11-6). 
 
Forest and macrophyte vegetation 
 
In forests, the growth of vegetation is the main driver of radionuclides entering the 
biological cycle and possibly their further transmittal through the food web. The 
vegetation biomass also forms storage for radionuclides affecting the concentrations 
available for removal by runoff. In the terrain and ecosystems development model, the 
site classes for the vegetation (Table 11-7) are identified mainly based on the soil type 
and properties for the definition of corresponding parameter values in the radionuclide 
transport modelling and in the surface hydrology model. The classes have been derived 
by expert judgment on the basis of available literature and data, constrained by the 
limited possibilities of identifying future soil types and their properties from the 
present-day data on the sea bottom sediments and the conceptual classification of soil 
layers. It is acknowledged that the heterogeneity within the classes remains large, but, at 
the moment, no competing overall models are known. 
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Table 11-7. Site classes used in identifying the type and properties of future forests at 
Olkiluoto site.  
 
UNTAMO site class Soil type Site type * Main tree species 
1 Rocky forest 
Rock (Rock outcrops, weathered 
rock, stony and compact till) 
Thin soils *** 
Extr. infertile/barren (CIT) 
Dry/xeric (CT) 
Treeless/pine 
2 Heath forest Washed till (coarse/medium-grained) 
Extr. infertile/barren (CIT) 
Dry /xeric (CT) 
Dryish /sub-xeric (VT) 
Pine 
Fresh/mesic (MT)  (Pine)/spruce/birch 
3 Herb-rich heath 
forest 
Fine-textured mineral soil (fine till, 
sand, mixed glacio-aquatic 
sediment) 
Grove-like (OMT) Spruce/deciduous 
4 Herb-rich forest 
**
 
Clay soils (Ancylus, Litorina, recent, 
gyttja) 
Grove (Lh) Spruce/deciduous 
**
 
5 Peatland forest Peat 
Extr. infertile/barren (CIT) 
Dry/xeric (CT) 
Dryish/sub-xeric (VT) 
Pine 
Fresh/mesic (MT) (Pine)/spruce/birch 
Grove-like (OMT) 
Grove (Lh) 
Spruce/deciduous 
*
 The abbreviations of site types refer to the system widely used in Finland (Cajander 1949). The same site type abbreviations are 
used for corresponding peatland forests instead of mire site types for the main peatland categories (open fens and bogs, pine mires, 
hardwood-spruce mires and paludified forests). 
**
 These areas are usually always used for agriculture in the region, and data on forest vegetation is scarce. 
*** Thin soils refer to leptosols, i.e. thinner than 30 cm (FAO 1988). In the Olkiluoto plot data (Tamminen et al. 2007), 9 plots are on 
Lithic leptosol (0–9 cm) whereas Dystric leptosols (10–29 cm) are lacking. 
 
On the shorelines, the existence or lack of macrophyte vegetation (reed colonies) 
determines whether a gyttja layer accumulates (see Sediment balance above). The reed 
colony model is based on assessing the fetch distance (degree of physical exposure) and 
assuming a maximum water depth and minimum flow rate for the vegetation to survive. 
Since the parameters are difficult to quantify in detail, the model is calibrated using data 
from a survey at the site (Haapanen & Lahdenperä 2009). The extent of the reed 
colonies were recorded at selected locations along the margin of the colony using a GPS 
device, and observations were also made of the bottom type and water depth. The 
surveyed routes were photographed as well, allowing delineation of the reed polygons 
from aerial photographs. 
 
11.2.4  Radionuclide transport models 
In the biosphere assessment of 2009, the currently available site data will be used to the 
fullest possible extent. However, some key data will have to be taken from the 
literature, for example the solid-liquid distribution coefficients (Kd) in soils and 
sediments and most of the concentration ratios to biota. These data are currently under 
acquisition and site-specific values will be provided for the next round of assessments.  
Furthermore, a significant amount of site data are conveyed to the radionuclide transport 
modelling though the surface hydrology model and the terrain and ecosystem 
development models, as discussed above; the data provided in the previous sections 
affect the radionuclide transport models as do the directly used site data provided in this 
section. 
 
Forests 
 
For elemental circulation in forests, according to our models, the most important 
parameters are the annual production of wood, foliage and understorey (determining the 
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biological storage) and concentration ratios (CR) from soil to understorey and foliage 
(determining the uptake). However, for the latter, not much site data are available yet,  
and thus only some values for iodine can be given. These will be complemented by 
literature data in subsequent reports. Furthermore, the biomasses of the forest 
compartments determine the concentrations and the transport implied by the CRs. The 
hydrological balance that greatly affects the circulation is simulated by the surface 
hydrology model, and thus transpiration and the intercepted fraction of precipitation by 
the canopy are not discussed here. 
 
Annual production of wood, foliage and understorey 
 
Annual production of wood is given as a mean annual increment of stem wood (MAI, 
bark included), which is estimated by dividing stand volume by stand age at a given 
time. MAI reflects the site fertility, and it naturally depends on tree species and the 
developmental stage of the stand. Here, derivation of MAI is based on the results 
published by Kuusela (1977) and Ilvessalo & Ilvessalo (1975), using a rotation period 
of 100 years for Scots pine- and Norway spruce-dominated forests, and 50 years for 
hardwood stands. If possible, MAIs were derived appropriate to western Finland. MAI 
calculations were also based on measurements at the site (Saramäki & Korhonen 2005) 
by dividing the current stand volume by the age of dominant trees. Natural and 
harvesting removals were excluded. Best estimate value for MAI was chosen as a mean 
value of MAIs from Ilvessalo & Ilvessalo (1975) and Kuusela (1977) matched to the 
intensively studied FET plots by UNTAMO site classes. Minimum and maximum 
values represent the variability between the different methods and source data. 
Minimum values were, in most cases, derived from Kuusela (1977) and maximum 
values from Ilvesalo & Ilvessalo (1975). If Olkiluoto site-specific values for MAI were 
used, they mostly provided the minimum and maximum values (Table 11-8). 
 
Annual production of tree foliage was estimated to approximate 82.1% of the annual 
stem wood production (Mälkönen 1974), and this proportion was used in calculations of 
tree foliage productivity based on the MAI for a 100-year rotation length. 
 
Annual production of understorey (above-ground parts) for UNTAMO site class 3 was 
derived from measurements on FIP plots in 2008 (Haapanen 2009). Annual production 
was determined by six functional plant groups which were:  
1. Vaccinium vitis-idaea (evergreen dwarf shrub) 
2. Vaccinium myrtillus (deciduous dwarf shrub) 
3. Lower herbs: Maianthemum bifolium, Oxalis acetosella, Trientalis europaea 
(shoots die every year) 
4. Ferns: Equisetum sylvaticum, Dryopetris cathusiana, Gymnocarpium dryopteris, 
Pteridium aquilinum (shoots/leaves die every year) 
5. Grasses (both perennial and annual leaves) 
6. Mosses (lower parts die gradually) 
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Table 11-8. Mean annual increment of stem wood (MAI, m3/ha/y) derived from 
literature (Ilvessalo & Ilvessalo 1975, Kuusela 1977) and measurements on Olkiluoto 
(Olkiluoto incl.) for a 100-year rotation time. Note: MAIs for peatland forest based on 
literature are obviously overestimated. 
 
UNTAMO site class 
MAI (m3/ha/y) 
Based on literature Olkiluoto data included 
Best 
estimate Min. Max. 
Best 
estimate Min. Max. 
1 Rocky forest 2.6 1.6 2.9 1.9 0.4 2.9 
2 Heath forest 5.6 3.7 7.7 4.9 0.8 8.5 
3 Herb-rich heath forest 6.7 5.8 7.7 6.0 0.1 11.2 
5 Peatland forest 6.7 5.8 7.7 3.9 0.2 11.2 
 
Table 11-9. Mean annual above-ground production of understorey vegetation 
(gdw/m2/y) derived from Mälkönen (1974) for site class 2 and measurements on FIP 
plots on Olkiluoto for site class 3 (Haapanen 2009) for a 100-year rotation time. 
 
UNTAMO site class 
Above-ground production (gdw/m2/y) 
Understorey Shrub-layer 
Best 
estimate Min. Max. 
Best 
estimate Min. Max. 
1 Rocky forest n.a. n.a. n.a. n.a. n.a. n.a. 
2 Heath forest 96.3 80.0 121.5 n.a. n.a. n.a. 
3 Herb-rich heath forest 62.6 41.8 75.3 n.a. n.a. n.a. 
5 Peatland forest n.a. 136 * 1,370 * n.a. n.a. n.a. 
n.a. data not available 
* Minimum and maximum values from Reinikainen et al. (1984); some of forested peatlands being under amelioration measures and 
some of extremely high fertility (reported biomass values converted to C by multiplying with 0.5) 
 
 
In dwarf shrubs the annual aboveground biomass production was calculated as the sum 
of leaves and stems grown in 2008. In lower herbs and ferns the whole shoot 
corresponds the growth in 2008. In Linnaea borealis, Deschampsia flexuosa and Luzula 
pilosa, whose leaves are perennial, the annual growth was estimated by dividing the 
shoot biomass by three and in Rubus idaeus by two. In mosses the annual growth was 
estimated by dividing the biomass of the upper part by 2.5, which was the average 
number of the annual growth segments according to observations done on the plots. 
Results for different functional groups were summed up and are presented in Table 11-
9. For UNTAMO site class 2, values were derived from Mälkönen (1974). They 
represent mesic and sub-xeric mineral soil forests. For this UNTAMO site class, the 
annual production of understorey is a rough estimate if used as a mean value for the 
100-year rotation time. However, values for UNTAMO site class 3 represent quite well 
different developmental stages of forests, since there were growing about 10–15, 40–45 
and 100-years-old trees on the intensive monitoring plots FIP11, FIP4 and FIP10, 
respectively. 
 
Site class 4 (herb-rich forest) is not considered here since such sites fall into the 
agricultural land category in the biosphere base case (majority of these forests have 
been cleared for fields in earlier times, as well, see Section 2.5.1). They are at the 
present extremely scarce in the region, and mainly found by shorelines, being subject to 
ongoing succession of soil and vegetation properties.  
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Average biomass of wood, foliage and understorey 
 
The mean value of tree biomass (below and above-ground, all trees) for rotation periods 
of 100 years for conifers and 50 years for deciduous trees are based on FET plot 
measurements (Saramäki & Korhonen 2005). The biomasses were derived using 
Swedish models (Marklund 1988), except for fine roots, whose biomass was calculated 
according to Helmisaari et al. (2007), and for leaves, the biomass of which was 
estimated using models by Repola (2008). The biomass of coarse roots and stumps of 
deciduous trees were estimated using the same models as for pine (Marklund 1988). 
The best estimate of average above-ground tree biomass was derived from stands of 
different ages representing different developmental stages of those stands. For heath 
forests and peatlands, minimum and maximum values reflected site type: the better the 
site type, the higher the average tree biomass (kgC/m
2
) during a 100-year rotation 
period. For herb-rich heath forests, minimum and maximum values reflected tree 
species: the highest average above-ground tree biomasses were in Norway spruce-
dominated stands, and the lowest in birch-dominated stands. Stands over 100 years of 
age were excluded. If the number of stands in certain UNTAMO class was too small, or 
stand ages were not distributed “evenly” across the 100-year rotation period, minimum 
and maximum values were not estimated. 
 
Mean value of biomass of other vegetation (below and above-ground, shrub-layer 
excluded) were derived from biomass estimates for forest compartments based on 
models by Muukkonen & Mäkipää (2006). For herb-rich heath forests, the minimum 
value was estimated in deciduous stands and the maximum in Scots pine-dominated 
stands. 
 
No suitable data or generic models were available to determine biomass in shrub-layer 
on Olkiluoto. However, the biomass of shrub-layer in Finnish forests is relatively small 
when compared to the total biomass of forests (e.g., Mälkönen 1974). The annual 
productivity of shrub-layer is also small. For example, Mälkönen (1974) estimated 
values of 5–15 kgdw/ha/y for shrub-layer, whereas corresponding figures for other 
vegetation ranged between 805 and 1,215 kgdw/ha/y. In addition, trees being more than 
1.3 m in height have been included in the tree layer. 
 
Site class 4 (herb-rich forest) is not considered here since such sites fall into the 
agricultural land category in the biosphere base case, and they are at the present 
extremely scarce in the region (lack of data). Results are presented in Table 11-10. 
 
Table 11-10. Above-ground biomass (kgdw/m2) derived from Olkiluoto for a 100-year 
rotation period.  
 
UNTAMO site class  
Biomass (kgdw/m2) 
Trees Other vegetation 
Best 
estimate Min. Max. 
Best 
estimate Min. Max. 
1 Rocky forest 1.291 n.a. n.a. 0.123 n.a. n.a. 
2 Heath forest 3.519 1.820 3.842 
0.059 
(0.203*) 
0.141* 0.270* 
3 Herb-rich heath forest 4.927 2.971 6.453 0.053 0.033 0.123 
5 Peatland forest 3.396 2.045 3.679 0.078 n.a. n.a. 
n.a. data not available 
* Source: Ilvesniemi et al. (2009).  
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Site-specific concentration ratios from soil to wood, foliage and understorey 
 
At the present phase of the programme, only some site-specific values for iodine can be 
given, and they need to be complemented by literature data. The concentration ratios in 
Table 11-11 are based on samples from three monitoring plots at Olkiluoto: a Scots 
pine, a Norway spruce and a black alder stand. To obtain a representative number of 
samples, and since the individual values do not much differ, the values for understorey 
are presented for two groups: Grasses and herbs include narrow-buckler fern 
(Dryopteris carthusiana), tufted hair-grass (Deschampsia cespitosa) and wood sorrel 
(Oxalis acetosella) and leaves of raspberry (Rubus idaeus). Dwarf shrubs include leaves 
of bilberry (Vaccinium myrtillus) and lingonberry (Vaccinium vitis-idaea).  
 
Following the compartment division in the revised models (Section 11.1.4), values are 
calculated for the transport from the humus layer and from the rooted mineral soil using 
the fine root biomass distribution (Table 11-12) as a weighting factor; it is assumed that 
the uptake from the two compartments hosting the roots is proportional to the amount of 
roots in them: 
 
 fiCj = CRi,jCi (Eq. 1) 
   
 Cj = Σi CRi,jCi = CReffCs (Eq. 2) 
 
where fi is the proportion of fine root biomass in soil layer i, Cj is the concentration in 
the recipient compartment (e.g. wood or foliage), CRi,j is the soil layer-specific 
concentration ratio from soil layer i to compartment j, and Ci is the radionuclide 
concentration in soil layer i. To calculate the concentration in the recipient compartment 
using the conventional concentration ratio (CReff), the corresponding average 
concentration in the soil layers relevant to the root uptake (Cs) shall be used, although 
from the site studies at Olkiluoto it is rarely available as such, since data are lacking on 
some layers. However, if needed, the effective concentration ratios can be calculated 
from the site data as: 
 
 CReff = Cj / [ (ΣdiρiCi)/(Σdiρi) ] (Eq. 3) 
 
where di is thickness of a considered soil layer and ρi the respective density of soil. 
 
Table 11-11. Site-specific concentration ratios to understorey plants and tree foliage 
for iodine (kgdw/kgdw). Values are given separately from humus layer (H) and rooted 
mineral soil (M, 0–30 cm), as well as effective CRs (E) and conventional concentration 
ratio (ratio of concentration in the plant part and in the humus layer). Geometric mean 
(number of samples; geometric standard deviation). BLQ, below limit of quantification. 
 
 H M E C 
To foliage (current-year) Literature 0.150–2.3 (Avila 2006) 
Pine BLQ BLQ BLQ BLQ 
Spruce  BLQ BLQ 0.119 (1; -- ) BLQ 
Black alder 0.055 (4; 1.2) 0.086 (2; 1.0) BLQ 0.077 (4; 1.2) 
To understorey  Literature 0.001–1.5 (Avila 2006) 
Grass and herbs 0.081 (14; 1.8) 0.035 (4; 5.4) 0.155 (4; 1.3) 0.090 (14; 1.7) 
Dwarf shrubs (leaves) 0.071 (10; 1.5) 0.024 (3; 11.7) 0.103 (2; 1.0) 0.094 (10; 1.5) 
All understorey 0.077 (24; 1.7) 0.030 (7; 6.5) 0.136 (6; 1.3) 0.091 (24; 1.6) 
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Table 11-12. Distribution of fine root biomass (%) in modelled soil compartments (H = 
humus, M = rooted mineral soil, 0–30 cm). Site data from Helmisaari et al. (2009b).  
 
Studied plant group H M Usage in assessment * 
Site data 
Pine 38 62 Pines 
Shrubs in pine stand 85 15 Shrubs in pine and spruce stands 
Grasses in pine stand 89 11 Grasses and herbs in pine stands 
Spruce 59 41 Spruces and coniferous bushes 
Grasses in spruce stand 99 1 Grasses and herbs in spruce stands 
Birch (seedlings) 71 29 Deciduous trees and bushes 
Shrubs in birch seedling stand 63 37 Shrubs in deciduous stands 
Grasses in birch seedling stand 76 24 Grasses and herbs in deciduous stands 
Mosses and lichens 100 * 0 * Mosses and lichens 
Literature data for comparison 
Dwarf shrubs, grasses 67±19 33 Literature data (Helmisaari et al. 2007) 
Pine 
59±8.5 
36±11 ** 
41 
64 ** 
Literature data (Helmisaari et al. 2007) 
Literature data (Helmisaari et al. 2009a) 
Spruce 
61±7.2 
63±16 ** 
39 
37 ** 
Literature data (Helmisaari et al. 2007) 
Literature data (Helmisaari et al. 2009a) 
* Expert judgment 
** Based on ectomycorrhizal root tips assumed to correlate with the fine root biomass (supported by Helmisaari et al. 2009a) 
 
 
Table 11-13. Irrigation rate and leaf area index data for crops at Olkiluoto region.  
 
Crop Irr. amount (m3/m2/event) 
Irr. freq. 
(1/y) 
Leaf Area Index 
(m2/m2) 
References for LAI;  
for irrigation data see the text 
Cereals 0.030 1 1.5 Ilola et al. (1988) 
Grassland 0.030 1 1 
Virkajärvi (2003), Virkajärvi & 
Järvenranta (2001), Sahramaa 
(2003) 
Sugar beet 0.030 1 2 Expert judgment 
Potato 0.020 2 2 Mustonen (1999 , 2004). 
Peas 0.025 1 2.5 Mäkelä et al. (1997) 
Field vegetables 0.025 3 2 Salo & Suoja-Ahlfors (unpubl.) 
Berries and fruit 0.015 3 1 Salo & Hoppula (unpubl.) 
In assessment: 0.025 3 2.5 (1–2.5)  
 
 
Agricultural land 
 
For radionuclide transport in croplands, the irrigation rate (amount and frequency; the 
source term) and leaf area index (LAI; capacity to capture contaminants from the 
irrigation water) have been found to be the most important parameters.  
 
In case of an irrigation event, there must be available water sources and irrigation must 
be profitable for the farmer. In Table 11-13, average values of irrigation rates and 
frequencies for the most common crops in Finland are given. The average leaf area 
index for the time of the irrigation event is estimated from the irrigation 
recommendations (Maatalouskeskusten liitto 1979), a review of current practise (Pajula 
& Triipponen 2003) and studies where leaf area index development is documented 
(Table 11-13). The various crops are not cultivated at the same time. Thus, a 
characteristically pessimistic value, with respect to the dose assessment, has been 
chosen for the use in the assessment (Table 11-13). 
 
Coast, lakes and rivers 
 
In the case of aquatic objects, the geometry and retention time (flow rates) are the most 
important parameters for radionuclide transport due to the rapid water exchange. The 
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former is derived within the terrain development model, as is the latter for lakes and 
rivers. For coastal objects, the retention time is somewhat based on expert judgment in 
cases where water mass balance does not give a conclusive answer (two-directional 
flow across an interface between coastal objects) and is thus a matter of an assessment 
decision (assumption). 
 
C-14 model 
 
Due to its nature, C-14 is modelled separately from the other nuclides using a specific 
activity model (Avila & Pröhl 2007). There are four modelling situations: 1) a lake, a 
coastal area or a river; 2) a forest; 3) an irrigated cropland; and 4) a forest or a cropland 
forming from an aquatic object, for example, due to land uplift or drying/draining of a 
lake. Since the geometrical properties have the strongest effect on the mixing volume 
and the water exchange, and thus on the doses, the most pessimistic aquatic object is a 
small lake (Avila & Pröhl 2007). Thus, here the data are presented, in addition to the 
terrestrial cases, only for lakes, and those for rivers and coastal areas are left for the 
background data report. It should be noted that an important process of CO2 release 
from waterbody surface to the atmosphere (BIOMOVS 1996) is omitted from the model 
as a pessimistic assumption (Avila & Pröhl 2007). 
 
Wind speed and mixing height 
 
Wind speed determines in the model, together with the mixing height, the mixing 
volume for the C-14 release from the soil to the air – the pathway to assimilation by 
plants in the terrestrial systems. Thus, both these two parameters are significant in the 
terrestrial cases. For the wind speed, see Table 11-4 above. The mixing height, or the 
height needed to supply the canopy with its CO2 demand, is basically dependent on the 
vegetation height and biomass: a well-developed canopy, which is able to assimilate 
daily 2–3 g CO2/m² soil in a sunny summer day during photosynthesis (Avila & Pröhl 
2007 citing Geisler 1980), requires the CO2 that is contained in a 20-m layer from the 
ground surface. However, on sunny days, the effective mixing height could be much 
higher since the insolation causes a convective boundary layer. Also, due to the 
photosynthesis, the canopy is an effective CO2 sink that causes a permanent flux of CO2 
from upper atmosphere layers to the ground. Therefore, assigning a vegetation-
dependent mixing height value is not feasible at the moment, and the values of 20 m and 
10 m are chosen for forests and croplands in the assessment, respectively.  
 
Irrigation rate 
 
For croplands, the irrigation amount and frequency are key parameters. For their values, 
see Table 11-13 above. 
 
Net primary production 
 
In the model implementations for forests and lakes, the net primary production is also a 
key parameter. For croplands, it has less of an effect on the model results due to the 
differences in contamination pathways; irrigation is more important for crops. 
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Table 11-14. Net primary production (gC/m2/y) of forest vegetation by site class 
(Haapanen et al. 2007). 
 
UNTAMO site class Best estimate Min Max 
1 Rocky forest 140 114 * 223 * 
2 Heath forest 249 90 422 
3 Herb-rich heath forest 349 245 427 
5 Peatland forest n.a.** n.a. ** n.a ** 
* Minimum and maximum values based on individual compartment-wise data (Rautio et al. 2004) instead of being 
averages of calculated min and max values by tree species and site types 
** Reliable data not available due to scarce research (see e.g. Wieder 2006) 
 
 
In Table 11-14, net primary production values for forests (UNTAMO site classes) are 
given. Site class 4 (herb-rich forest) is not considered here, since these sites fall into 
agricultural land in the biosphere base case, and they are at the present extremely scarce 
in the region (lack of data). 
 
Generic NPP values are given by Eloranta (1996) for different kinds of Finnish lakes: 
oligotrophic, mesotrophic and eutrophic. The future lakes in Olkiluoto area will 
probably be shallow and mesotrophic, for which NPP values of 100–250 mgC/m
2
/d can 
be assumed (Table 11-15). As the doses in the model increase with decreasing NPP 
(Avila & Pröhl 2007), the minimum is chosen for the best estimate value in the table. 
 
Dissolved inorganic carbon (DIC) in lakes  
 
In lakes, the C-14 release mixes with the stable dissolved inorganic carbon, and thus the 
DIC concentration has a significant role in determining the mixing rate and subsequent 
doses. The data of DIC concentrations in lakes of Southern Finland are deficient: only 
one value was found in the literature. According to Arvola et al. (1996) DIC 
concentration in the humic, mesotrophic Lake Pääjärvi was 3 mg/L (Table 11-15).  
More data exist of TOC (total organic carbon) concentrations, which varied between 
7.5–10 mg/L in 1991–1995 in the same lake (Environmental information and spatial 
data service - OIVA portal, May 4, 2009).  
 
Sedimentation rate in lakes  
 
As the DIC concentration regulates the mixing and availability of C-14 releases,  
sedimentation is a removal effect, mainly controlled by the sedimentation rate 
parameter. Sedimentation rates depend on winds, currents, upwelling and the 
productivity of system. In the Lake Joutsijärvi, located in the Reference Area, the 
sedimentation rate has been 640 gdw/m²/y during the 1990s, and ranged 500–2,300 
gdw/m²/y in 1950–1998. About 10% of the material is organic (Salonen et al. 2000). The 
value of the latest decade has been taken as the best estimate in Table 11-15, since the 
other values have been reported to be associated to changes in the land use in the 
catchment area (Salonen et al. 2000); however the range is useful in the biosphere 
assessment to cover the potential occurrence of such changes. These values are 
reasonably comparable to 7.02–11.40 gC/m²/y reported for different strata in Lake 
Schlüensee, Germany (Wetzel 2001), a considerably smaller lake.  
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Table 11-15. Key parameter values (best estimate and range) for C-14 model 
implementation in the case of a lake. As a range for DIC concentration is not directly 
available, one shall be chosen and justified in the subsequent steps of the biosphere 
assessment. 
 
Parameter Best estimate Min. Max. Unit References 
Net primary production (0.037) 0.037* 0.091* kgC/m
2
/y Eloranta (1996) 
DIC concentration 0.003   kg/m
3
 Arvola et al. (1996) 
Sedimentation rate 0.064 0.050 0.23 kgdw/m
2
/y Salonen et al. (2000) 
 *A mesotrophic lake; for oligotrophic the respective values are 0.018–0.037 and for eutrophic 0.091–0.37. 
 
 
Decomposition rate of exposed sediment 
 
Decomposition rate of organic matter in newly formed terrestrial object (relict) 
determines the rate on which the inherited radioactivity inventory is released. Gisi 
(1990) gives a value of 0.03 y
-1
 of soil organic matter amount, with a normal 
distribution of 0.03; 0.01 (mean; standard deviation). This is used further given the lack 
of better data, and a sufficiently large range should be chosen in the subsequent 
biosphere assessment to cover the uncertainties. A decomposition experiment has been 
planned. 
 
11.2.5  Dose assessment models – doses to humans  
The dose from given radionuclide concentrations in an ecosystem is, in most cases, 
dominated by the dose from ingestion of food or water
7
. In our dose concept, the food 
intake is presented in terms of the annual demand for carbon, which is harvested from a 
pessimistic location representing average conditions for production of foodstuffs and 
radionuclide transport to them. The former is presented by total productivity of edibles 
in an ecosystem, and the latter as aggregated (production-weighted average) transfer 
factors to the edibles. In this section, the site-specific productivity estimates are given, 
and, in addition, the modest data for concentration ratios of key radionuclides to the 
foodstuff are presented for complementing. 
 
Productivity of edibles  
 
The productivity of the edibles is calculated by summation over all plant parts and 
animal products normally consumed by man. The original data are in terms of fresh 
weight, or, in some cases, dry weight, and, for the purposes of our model, it needs to be 
converted to carbon-kilograms. In the edibles, the carbon content has been calculated 
based on the nutrient contents reported in the FINELI database of the National Institute 
for Health and Welfare (www.fineli.fi) by conversion as in Altman & Ditmer (1964), 
Dyson (1978), Rouwenhorst et al. (1991) and Bergström et al. (2008): 
 
 CC = 0.53P + 0.44CH + 0.66L (Eq. 4) 
 
                                                          
7 For some of the significant nuclides presented in Table 1-2 the doses are dominated by accumulation in overburden and subsequent 
external exposure (Nb-94, Sn-126). Similarly, if alpha emitters (such as Pu-239) were released within the biosphere assessment time 
window, the dose from them would be dominated by the inhalation pathway. 
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where CC is the carbon content in the food product (kgC/kgFW), and P, CH and L are the 
protein, carbohydrate and lipid (fat) contents of the food (kg/kgFW) as taken from the 
database. In some cases this differs from the value used in the ecosystem modelling 
(Chapter 10): the carbon content derived from this method using the nutrient content 
database applied to the edible part and the carbon content used in the ecosystem 
modelling to the whole body. 
 
Forests 
 
For the forests, productivity can be presented by site class, although site class 4 (herb-
rich forest) is not considered here since these sites fall under agricultural land in the 
biosphere base case. For the other ecosystems, only best-estimate values and ranges are 
given, and, for mires, only likely pessimistic best estimates. On croplands, the various 
crops are not cultivated at the same time. Thus, a characteristic value has been chosen to 
be used in the assessment (Table 11-21). 
 
The productivity of berries in Table 11-16 is firstly based on the maximum of values 
given in Salo (2008) and Turtiainen et al. (2007), taken the site type into account when 
possible. Secondly, those berries not growing on a specific site type were given a value 
of 0 by expert judgment. This was then expanded to cover the data gaps by a three-level 
abundance classification. Finally, productivity values for assessment use were assigned 
to them based on subjective scaling of the scarce data. Thus, in the table, only the 
marked values have been derived from the literature, the rest being based on expert 
judgment. For lingonberry and bilberry, there is also a model available (Ihalainen et al. 
2003; summarised by Löfgren 2008), but this was not used since the model was derived 
from conditions of Northern Karelia. Furthermore, in any case, the heterogeneity of the 
landscape, among other factors, greatly influences the large spatial variation of berry 
crops; using a model for some of the berries would not produce much better results in 
the context of far future predictions needed in the biosphere assessment. In Olkiluoto 
and surroundings, sea buckthorn (Hippophaë rhamnoides) is abundant in places in the 
shoreline, and the berries are picked from the easiest reachable locations. The species is 
found also in some places inland. However, as the overall contribution to the berry yield 
in forested land is rather small (although there are no quantified data), the buckthorn 
berries are omitted from the calculations. 
 
Productivity of edible fungi was estimated based on Ohenoja (1978): mushroom yield in 
Lapland (Northern Finland) varies yearly between 10 and 200 kg/ha with about a half 
being edible. The yield is on the average nearly as great as that in Southern and Central 
Finland. Thus the minimum and maximum values are used as such as indicated in Table 
11-16. Compared with recent values used by SKB (Löfgren 2008), the upper estimate of 
productivity for edible fungi seems rather high, i.e., pessimistic with respect to dose 
assessment. 
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Table 11-16. Productivity of berries and edible fungi in forest and mire ecosystems 
(kgC/m2/y). Values without a reference are based on scaling based on the abundance 
rating (expert judgment). 
 
Edible UNTAMO site class Maximum 1 Rocky 2 Heath 3 Herb-r. heath 5 Peatland 
Lingonberry 3.5E-6    (+) 7.00E-5 * (+++) 3.53E-6 * (+) 3.53E-5 *   (++) 7.00E-5 
Bilberry 5.4E-5    (+) 3.22E-5 * (+++) 6.95E-6 * (+++) 3.82E-5 *   (++) 3.82E-5 
Cloudberry 0 0 0 1.52E-5 ** (+++) 1.52E-5 
Cranberry 0 0 0 4.98E-6 ** (+++) 4.98E-6 
Crowberry 1.6E-5 (+++) 8.1E-6         (++) 2.7E-6          (+) 1.61E-5 ** (+++) 1.61E-5 
Red whortleberry 0 2.0E-6          (+) 2.0E-6          (+) 1.17E-5 ** (+++) 1.17E-5 
Raspberry 1.6E-7   (+) 4.8E-7           (++) 9.7E-7        (+++) 1.61E-7 **    (+) 9.66E-7 
Berries, total 2.5E-7 1.13E-4 1.61E-5 1.22E-4 1.22E-4 
Edible fungi 5.12E-4 *** 5.12E-4 *** 5.12E-4 *** 2.56E-5 *** 5.12E-4 
* Turtiainen et al. (2007) for the site type of forests or undrained pine mire 
** Salo (2008) for forest land or drained and undrained mires 
*** Ohenoja (1978) 
+ May be found occasionally; reliable data for productivity was not found 
++ Common but reliable data for productivity was not found 
+++ Typical growing site, but reliable data for productivity was not found 
 
 
Table 11-17. Productivity of edibles in forest ecosystem (kgC/m2/y).  
 
Edible Best estimate Min. Max. 
Moose 2.83E-5 2.02E-5 4.04E-5 
White-tailed deer 1.24E-5 5.78E-6 1.62E-5 
Roe deer 6.64E-7 0 3.47E-6 
Hare 7.73E-8 0 2.35E-7 
Partridge/hazelhen 7.09E-9 0 2.84E-8 
Grouse 7.09E-9 0 1.42E-8 
Berries, max. 1.13E-4 1.61E-5 1.22E-4 
Edible fungi, max. 5.12E-4 2.56E-5 5.12E-4 
Forest, max. 6.66E-4 6.77E-5 6.94E-4 
 
The productivity of game at the Olkiluoto site (Table 11-17) has been evaluated on the 
basis of the average game bag in 2002–2007 (Ikonen et al. 2003, Oja & Oja 2006, 
Haapanen 2007, 2008) divided with the respective forest area (evenly distributed game). 
Waterfowl is considered within aquatic systems. Of the live weight of a moose, 0.51 
kgfw/kgfw is assumed to be edible, based on the average weight of an individual and 
weight of the edible part from Lokki et al. (1997), and for hare and grouse estimated as 
from figures of annual total catch (individuals) and total game meat catch (RKTL 2008), 
0.51 and 0.60, respectively. The value for moose has been applied to deer, and the value 
for grouse to other fowl. Numbers for berries and edible fungi are from Table 11-16, 
with the best estimate being a maximum without peatlands (for them, see Table 11-20 
below). 
 
Coastal areas 
 
The productivity of fish in the sea areas were based on the draught statistics of 2007 and 
2008 for the Bothnian Sea by the Finnish Game and Fisheries Research Institute 
(www.rktl.fi). The calculated draughts per unit area were converted to carbon units with  
data from the FINELI database (www.fineli.fi) and the Equation (4) above. For sprat, 
smelt and ide the database had no specific values, so the data for Baltic herring, bream 
and vendace were used, respectively, by the similarities between the species. Losses 
from the ordinary cleaning of some fish were taken from Sääksjärvi & Reinivuo (2004) 
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for burbot, pike, whitefish and vendace. For trout and rainbow trout, loss values for 
salmon from the FINELI database were applied. For other fish, the losses were assumed 
to be 30%, except for sprat 35% as for Baltic herring (Sääksjärvi & Reinivuo 2004). 
Given the lack of more specific quantified data, recreational fishing was taken into 
account by scaling with the following value: catch in commercial fishing/total catch 
(national average separately for each species; www.rktl.fi). Due to lack of more local 
statistics, only best estimate values are given in Table 11-18. Assignment of proper 
range to cover the overall uncertainties will be then made and justified in the subsequent 
biosphere assessment reports. 
 
The best estimate for waterfowl game at coastal areas (Table 11-18) was derived from 
the 2002–2007 game bag and related assumptions as described for terrestrial game 
above. Maximum values are based on bird countings at the site (Yrjölä 1997, 2009). 
The minimum can be regarded as nil. The density was calculated by using the total area 
of waterfowl counting sectors (Yrjölä 1997, 2009). These data apply to the shore area, 
but not necessarily to the open sea. However, these are believed to overestimate the 
doses in the further modelling. Furthermore, the coastal areas to be modelled decrease 
with the land uplift to better correspond the conditions of the site data.  
 
Productivity of other edibles than fish and waterfowl from the coastal areas is minor; for 
example, crustaceans or algae are not utilised in the Olkiluoto area. 
 
Table 11-18. Productivity of edibles in coastal areas (kgC/m2/y). Maximum data is given 
only for the waterfowl due to lack of specific data on fish; for all waterfowl, the 
minimum can be regarded as nil. 
 
Edible Best estimate Max. 
Baltic herring 7.33E-5 no data 
Sprat 6.16E-6 no data 
Flounder 3.10E-9 no data 
Pike 8.57E-7 no data 
Whitefish 6.16E-7 no data 
Salmon 8.03E-8 no data 
Trout 1.30E-7 no data 
Rainbow trout 5.27E-8 no data 
Smelt 7.45E-8 no data 
Bream 3.67E-7 no data 
Ide 1.89E-7 no data 
Roach 5.33E-7 no data 
Burbot 4.60E-8 no data 
Perch 2.14E-6 no data 
Pikeperch 1.65E-7 no data 
Greylag goose 0 3.22E-7 
Canadian goose 0 6.77E-7 
Shelduck 0 2.63E-8 
Mallard 1.32E-7 1.01E-6 
Northern shoveler 0 4.54E-8 
Eurasian teal 4.96E-9 1.84E-8 
Goldeneye 0 1.08E-6 
Tufted duck 0 8.38E-7 
Greater scaup 0 3.31E-8 
Common eider 0 7.98E-6 
Red-breasted meganser 0 7.86E-7 
Goosander 0 1.07E-6 
Common coot 0 7.97E-8 
Coastal area, total 8.49E-5  
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Lakes and rivers 
 
Fish are the only commonly used edibles in Finnish lakes, in addition to waterfowl. 
Crayfish is also captured from some lakes, but the overall amount is very small. The 
productivity of fish is based on a study of water quality, fishing efforts and fish yields in 
lakes (Table 2 in Ranta et al. 1992). Edible parts account for 65-95% of the live weight 
in the case of burbot, pike, whitefish and vendace (Sääksjärvi & Reinivuo 2004). For 
other fish species, the portion was assumed to be 70%. Median of the productivity value 
for each species was used as a best estimate (Table 11-19). 
 
There are few suitable data on hunting of birds from lakes or rivers. On the other hand, 
it is known that the catch almost solely consists of Anseriformes (e.g. ducks). Given the 
lack of data, the values derived for the coastal area of Olkiluoto (Table 11-18) were 
used to represent lakes as well. 
 
For rivers, data collected for lakes must be used at the moment, due to lack of specific 
information on rivers Eurajoki and Lapinjoki, selected to represent the future river 
systems. 
 
 
Table 11-19. Productivity of edibles in lakes and rivers (kgC/m2/y). 
 
Edible Best estimate Min. Max. 
Mallard 1.32E-7 0 1.01E-6 
Northern shoveler 0 0 4.54E-8 
Eurasian teal 4.96E-9 0 1.83E-8 
Goldeneye 0 0 1.08E-6 
Tufted duck 0 0 8.38E-7 
Greater scaup 0 0 3.31E-8 
Common eider 0 0 7.98E-6 
Red-breasted merganser 0 0 7.86E-7 
Goosander 0 0 1.07E-6 
Bream 4.13E-6 8.27E-7 3.72E-5 
Burbot 2.42E-6 6.06E-7 8.48E-6 
Perch 9.98E-6 7.13E-7 3.85E-5 
Pike 6.78E-6 5.21E-7 3.34E-5 
Pikeperch 9.50E-7 6.33E-7 2.60E-5 
Roach 6.21E-6 8.87E-7 3.01E-5 
Trout 2.02E-6 8.07E-7 6.46E-6 
Whitefish 3.98E-6 7.95E-7 5.80E-5 
Vendace 1.68E-5 9.89E-7 3.15E-4 
Lake/river, total 5.34E-5 6.78E-6 5.66E-4 
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Table 11-20. Productivity of edibles in mires (wetland objects; kgC/m2/y). The best 
estimate is likely pessimistic with respect to the dose contribution from mires, and 
possible minimum value would be negligibly small.  
 
Edible Best estimate Notes 
Moose 2.02E-5 
Minimum for the respective data to forests; seldom hunted 
from wetlands 
White-tailed deer 5.78E-6 
Minimum for the respective data to forests; seldom met on 
wetlands 
Roe deer 0 Not a typical habitat 
Hare 0 Not a typical habitat 
Partridge/hazelhen 0 Not a typical habitat 
Grouse 7.09E-9 
Same as for the forests; the difference in the game bag 
would not be significant for the total productivity 
Mallard 1.32E-7 
Considered the only waterfowl, taken as for Olkiluoto 
coastal area (contribution by teal and other possible 
species would be negligible) 
Lingonberry 3.53E-5 
Turtiainen et al. (2007) for undrained pine mire (higher 
value than from Salo (2008) for mires) 
Bilberry 3.82E-5 Salo (2008) for mires 
Cloudberry 1.52E-5 Salo (2008) for mires 
Cranberry 4.98E-6 Salo (2008) for mires 
Crowberry 1.61E-5 Salo (2008) for mires 
Red whortleberry 1.17E-5 Salo (2008) for mires 
Raspberry 1.61E-7 Salo (2008) for mires 
Edible fungi 2.56E-5 
At Olkiluoto, also in future, mineral soil sites will be 
preferred for picking mushrooms; also lower production per 
averaged area in general wetland conditions 
Mire (wetland), total 1.73E-4  
 
Mires 
 
The productivity of edibles in the mires (wetland objects) is presented in Table 11-20. 
The data for berries are from Table 11-16, site class 5, which represents mires. 
Productivity of game is based on the habitat descriptions in sections 4.1.6 and 4.2.3, and 
scaling of the data presented in Tables 11-17 and 11-19 by expert judgment. It should 
be noted that the game bag for the mires is based on data on the Olkiluoto site with very 
limited mire areas, and is likely an over-estimate. 
 
Croplands 
 
The productivity of crops is calculated according to the average yields in Satakunta in 
2007 and 2008 (www.matilda.fi). The flour supply from grain was estimated to be 60% 
and sugar supply from sugar beet carbohydrates 78%. The carbon content of yield dry 
matter was calculated as 40%. Since the various crops are not cultivated at the same 
time, a characteristically pessimistic value, with respect to the dose assessment, has 
been chosen for use in the assessment (Table 11-21). 
 
Table 11-21. Productivity of edibles in croplands (kgC/m2/y).  
 
Edible Best estimate Min. Max. 
Grain (flour) 0.074 0.018 0.103 
Potato 0.200 0.080 0.320 
Pea 0.020 0.010 0.025 
Sugar beet (15% sugar) 0.180 0.118 0.234 
Field vegetables 0.148 0.024 0.480 
Berries and fruit 0.020 0.004 0.064 
In assessment 0.200 0.004 0.480 
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Site-specific concentration ratios from soil to the edibles 
 
Out of the key radionuclides, C-14 is treated otherwise with the specific activity model 
and for Cl-36, or chlorine, there is no site data available at the moment. For stable 
iodine (applicable to I-129), only few site data are at hand and, due to sampling 
conditions, those are not directly to the berries but to leaves and stems. The 
methodology to calculate the concentration ratios from the humus layer and from the 
rooted mineral soil, as well as the effective concentration ratios to the leaves of the 
plants bearing edibles, as well as the applied depth distribution of root biomass are 
presented above in Section 11.2.4, Site-specific concentration ratios. Table 11-22 
presents the calculated concentration ratios for berries, assuming concentrations in the 
berries to be similar to those in leaves. Since samples are few at the moment, the given 
data encompasses all forest types (Scots pine, Norway spruce and black alder stand). 
 
The literature data of Sheppard et al. (2006) give a CR to plants for human foods 
(including also agricultural products) of 0.005 kgsoil/kgfw for iodine. For plants for 
native browse and forage of animals the corresponding value is 0.03. By assuming a dry 
weight content of 11.8% in berries (Laine et al. 1993), we obtain approximate dry-
weight numbers of 0.042 and 0.25, respectively. In the light of the modest extent of 
data, our results are comparable, but should be complemented with broader literature 
data before use in assessments.  
 
 
Table 11-22. Site-specific concentration ratios (CR) to berries for iodine (kgdw/kgdw) (H 
= humus, M = rooted mineral soil, 0–30 cm, E = effective concentration ratio 
corresponding to averaged concentration in soil, C = conventionally calculated as ratio 
of concentrations in berry and in humus layer; geometric mean (number of samples; 
geometric standard deviation).  
 
Edible H M E C 
Bilberry 0.077 (6; 1.6) 0.001 (1; -- ) 0.103 (2; 1.0) 0.096 (6; 1.7) 
Raspberry 0.064 (4; 1.2) 0.101 (2; 1.2) -- 0.090 (4; 1.2) 
All berries 0.071 (10; 1.5) 0.024 (3; 11.7) 0.103 (2; 1.0) 0.094 (10; 1.5) 
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11.2.6  Dose assessment models – doses to other biota  
When calculating typical doses to the other biota, the transfer factors to (Brown 2009) 
and the sizes of the selected biota species or their surrogates form the essential data. In 
Table 11-23, the selected assessment species for the Olkiluoto site are given. They are 
based on expert judgement, and partially on available data, and cover the significant 
trophy levels (roles) in the food webs of the ecosystems prevailing and expected at the 
site. The names of the respective reference organisms in the ERICA approach are given 
in the table for comparison. 
 
The body diameters and weights for the assessment species are collected from site data 
and literature, and interpreted as major axis lengths of an ellipsoid used as a surrogate to 
the organism body in the calculations of dose conversion factors (absorbed dose from 
in-taken radioactivity assumed to be homogeneously distributed in the body (ellipsoid)). 
 
The assessment species “tree” has been divided into the stem below the crown and the 
crown including the upper part of the stem. The biomasses and stem dimensions are 
calculated from data by Saramäki & Korhonen (2005) and represent an average tree in 
Olkiluoto in 2004, based on the measurements of 22,801 individual trees (i.e., taller 
than breast height, 1.3 m), irrespective of species or size. Crown dimensions and part of 
the stem to be included in the crown ellipsoid are based on expert judgment. In the 
calculation of weights, biomass equations (Marklund 1988) were used, and it was 
assumed that all parts have the same dry-fresh weight ratio (Hakkila 1989). It is 
acknowledged that these, as well as those for the other forest plants, are rather tentative 
data, possibly requiring additional measurements. 
 
Dimensions of the phytoplankton species are well-documented in the phytoplankton 
register maintained by Finnish Environment Institute. Other dimensions of marine and 
freshwater species have been collected from the literature, where usually only length 
was available. The species in Table 11-23 are typical of Olkiluoto sea area or lakes in 
the Reference Area.  
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Table 11-23. Site-relevant data for assessment species for Olkiluoto site [respective 
ERICA reference organisms (Beresford et al. 2007) in brackets] and their size and body 
weights. Sizes are based on the assumption of ellipsoidal shape unless mentioned 
otherwise.  
 
Assessment species [ERICA 
reference organism] 
Ellipsoid size, 
length x height 
x width (cm) 
Average body 
weight (kgFW) Reference to size and weight 
Terrestrial 
Herbivorous invertebrate, Ringlet 
[flying insect] 
1.5 x 0.2 x 0.2 
 
6.63 x 10
-5
 
Weight and dimension data: 
Ahmad et al. (2006), Bjärvall & 
Ullström (2003), Bommarco 
(1997), Karlsson & Wiklund 
(2005), Kivirikko (1940), Lokki et 
al. (1997, 1998a,b), Mullarney et 
al. (1999), Oja & Oja (2006), 
Olsen et al. (1997), Schrader et 
al. (2008), Wright et al. (2000). 
 
Ellipsoid sizes partly an expert 
judgment. 
 
Herbivorous bird, Hazel grouse [bird] 19 x 12 x 12 0.4 
Herbivorous rodent, Bank vole 
[mammal (rat)] 
7 x 3.5 x 3.5 0.0196 
Herbivorous mammal, Mountain hare 
[mammal (rat)] 
35 x 15 x 15 3.5 
Large herbivorous mammal, Moose 
[mammal (deer)] 
165 x 75 x 50 350 
Omnivorous invertebrate, Ant [-] 0.8 x 0.2 x 0.2 1 x 10
-5
 
Omnivorous reptile/amphibian, 
Common frog [amphibian] 
4.5 x 3 x 2.5 0.04 
Insectivorous/omnivorous bird, 
Hooded crow [bird] 
18 x 7 x 7 0.525 
Omnivorous mammal, Red fox 
[mammal (rat)] 
45 x 13 x 13 6 
Large omnivorous mammal, Brown 
bear [mammal (deer)] 
a
 
250 x 80 x 60 
(male) 
160 x 50 x 40 
(female) 
200 (male), 130 
(female) 
Carnivorous invertebrate, Carabid 
beetle 
1 x 4 x 5 0.0077 
Carnivorous reptile/amphibian, Viper 
(without tail) [reptile] 
58 x 2.5 x 2.5 0.1 
Carnivorous bird, Tawny owl [bird] 18 x 8 x 9 0.52 
Carnivorous mammal, American mink 
[mammal (rat)] 
20 x 6 x 6 1 
Decomposer, Earthworm [soil 
invertebrate] 
1 x 0.4 x 0.4 0.004 
Red-stemmed feather-moss, 
Pleurozium schreberi [bryophyte] 
3.5 x 2 x 2  not available 
Expert judgement based on 
Hämet-Ahti et al. (1986) and 
Mossberg & Stenberg (2005); 
details to be discussed in the 
supplementary data report 
(Ikonen et al. 2009) 
Reindeer lichen, Cladonia rangiferina 
[lichen] 
2 x 4 x 2 
 
not available 
May lily, Maianthemum bifolium [herb] 
10 x 10 x 10 
 
not available 
Bracken, Pteridium aquilinum [herb] 50 x 60 x 50 not available 
Wavy hair-grass, Deschampsia 
flexuosa [grass] 
50 x 40 x 50 not available 
Bilberry, Vaccinium myrtillus [shrub] 15 x 20 x 15 not available 
Stem of tree below crown [tree] 10 x 475 x 10  
46 
(DW 23) 
Saramäki & Korhonen (2005), 
distribution of weight between 
stem below crown and included 
in crown an expert judgment; 
see the text above 
Crown of tree [tree] 100 x 475 x 100 
62 
(DW 31) 
Dimensions expert judgment, 
weight based on (Saramäki & 
Korhonen 2005) and for included 
part of stem on an expert 
judgment; see the text above 
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Table 11-23 cont'd. Site-relevant data for assessment species for Olkiluoto site 
[respective ERICA reference organisms (Beresford et al. 2007) in brackets] and their 
size and body weights. Sizes are based on the assumption of ellipsoidal shape unless 
mentioned otherwise.  
 
Assessment species [ERICA 
reference organism] 
Ellipsoid size, 
length x height 
x width (cm) 
Average body 
weight (kgFW) Reference to size and weight 
Freshwater 
Phytoplankton, Anabaena flos-aquae, 
a spiral-shaped filament 
[phytoplankton] 
(L 26–36 x W 4–
9) x 10
-4
 
not available 
Phytoplankton register 
maintained by 
Finnish Environment Institute 
(www.ymparisto.fi) 
Phytoplankton, Anabaena 
lemmermannii, a spiral-shaped 
filament [phytoplankton] 
(L 5–20 x W 3–
8) x 10
-4
 
not available 
Phytoplankton, Tabellaria fenestrata 
[phytoplankton] 
(59–85 x 3 x 6) x 
10
-4
 
not available 
Phytoplankton, Gonyostomum semen 
[phytoplankton] 
3.6 x 10
-3
 
(diam.) x 5.5 x 
10
-3
 (H) 
not available 
Vascular plant, Common reed 
(Phragmites australis) [vascular plant] 
100–300 (H, 
above bottom 
b
) 
not available Huhta (2008) 
Zooplankton, Cladocera [zooplankton] 0.02 - 0.3 (L) not available Wetzel (2001) 
Insect larvae, Chironomus plumosus 
[insect larvae] 
0.2–3 (L) not available 
www.first-nature.com/ 
insects/diptera/ 
chironomus_plumosus.htm 
Bivalve mollusc, Anodonta sp. [bivalve 
mollusc] 
<20 (L) not available Expert judgment 
Gastropod, a snail, Lymnaea peregra 
[gastropod] 
1.5–2.0 (H) not available Hutri & Mattila (1991) 
Gastropod, a snail, Planorbis 
planorbis [gastropod] 
0.02–0.03 (H), 
0.12–0.18 (W) 
not available Hutri & Mattila (1991) 
Crustacean, Crayfish (Astacus 
astacus) [crustacean] 
10 (L) not available Kilpinen (2001) 
Benthic fish, Ruffe (Gymnocephalus 
cernuus) [(benthic) fish] 
8–15 (L) 0.013 
Koli (1994), Tarvainen et al. 
(2008) 
Pelagic fish, Vendace (Coregonus 
albula) [(pelagic) fish] 
10–20 (L) 0.020–0.080 Koli (1994) 
Amphibian, Common frog (Rana 
temporaria) [amphibian] 
7.9 (L; female) 
7.2 (L; male) 
0.038–0.046 Alho (2004) 
Reptile, Grass snake (Natrix natrix) 
[reptile] 
70–80 (L) 0.04–0.2 
Size www.wikipedia.org and 
expert judgment, weight 
Nieminen & Saarikivi (2009) 
Bird, Mallard (Anas platyrhynchos)  
[bird] 
50–65 (L) x 80–
100 (wingspan) 
1.1 
Size www.wikipedia.org, weight 
Yrjölä (2009) 
Mammal, Otter (Lutra lutra) [mammal] 
50–100 (L) plus 
a tail of 30-50 
3-15 
www.wikipedia.org and expert 
judgment 
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Table 11-23 cont'd. Site-relevant data for assessment species for Olkiluoto site 
[respective ERICA reference organisms (Beresford et al. 2007) in brackets] and their 
size and body weights. Sizes are based on the assumption of ellipsoidal shape unless 
mentioned otherwise. 
 
Assessment species [ERICA 
reference organism] 
Ellipsoid size, 
length x height 
x width (cm) 
Average body 
weight (kgFW) Reference to size and weight 
Marine 
Phytoplankton, Chaetoceros wighamii 
[phytoplankton] 
(5–9 x 5.1–11 x 
6–17) x 10
-4
 
not available Phytoplankton register by 
Finnish Environment Institute 
(www.ymparisto.fi) 
Phytoplankton, Aphanizomenon sp. 
[phytoplankton] 
(100 x 3.4–6) x 
10
-4
 
not available 
Macroalgae, Cladophora glomerata 
[macroalgae] 
23 (H) not available 
On average, data from Ilmarinen 
et al. (2008) 
Vascular plant, Common reed 
(Phragmites australis) [vascular plant] 
100–300 (H, 
above bottom 
b
) 
not available Huhta (2008) 
Zooplankton (Cladocera) 
[zooplankton] 
0.05–3 (L) not available Eloranta (1996) 
Benthic mollusc, Blue mussel (Mytilus 
edulis) [benthic mollusc] 
2–3 (L) not available Expert judgment 
Benthic mollusc, Baltic macoma 
(Macoma baltica) [benthic mollusc] 
2 (L) x 2 (W) not available Koli (1986) 
Crustacean, Baltic prawn (Palaemon 
adspersus) [crustacean] 
5 (L) not available Koli (1986) 
Benthic fish, Flounder (Platichthys 
flesus) [(benthic) fish] 
20–35 (L) 0.3-0.6 Koli (1994) 
Pelagic fish, Baltic herring (Clupea 
harengus membras) [(pelagic) fish] 
15–20 (L) 0.02 
Koli (1994), www.rktl.fi/kala/ 
tietoa_kalalajeista/silakka/#tunto 
Polychaete worm, a ragworm (Nereis 
diversicolor) [polychaete worm] 
3–6 (L) not available Koli (1986) 
Bird, Oystercatcher (Haematopus 
ostralegus) [(wading) bird] 
40–49 (L) x 
80 (wingspan) 
0.48 
Size www.wikipedia.org and 
expert judgment, weight Yrjölä 
(2009) 
Mammal, Gray seal (Halichoerus 
gryphus) [mammal] 
250–330 (L 
male) 160-200 
(L female) 
300 (male) 
100–150 
(female) 
www.wikipedia.org and expert 
judgment 
a
 Specific case due to the hibernation; spends a large part of the year in the soil. Not currently present at Olkiluoto, but the site is 
peripheral to the present area of distribution. 
b
 Roots may have 75-80% of the total biomass (Huhta 2008) 
 
 
There are no Olkiluoto-specific bioconcentration factors from the habitat media to an 
organism available for the moment, except for plants in the case of iodine, see Table 11-
11. With these exceptions, site data are missing on iodine, chlorine and C-14 identified 
as the key targets (Section 1.3 and the beginning of this chapter), and it will be 
complemented in the further ecosystems characterisation programme. 
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12  KNOWLEDGE QUALITY ASSESSMENT 
In this chapter, the results of Knowledge quality assessment process (KQA) concerning 
the biosphere description are presented. The KQA is an iterative process that spans over 
the different stages in the Biosphere assessment process and in the broader safety case. 
Its aim is to foster communication of assumptions and uncertainties throughout the 
assessment chain in a systematic and comprehensive manner. The different aspects 
covered by the KQA, developed on the basis of Ikonen (2006), Hjerpe (2006), Broed 
(2007), Broed et al. (2007) are as organised in this chapter: 
 Applied and available data: source and post-handling of data, where the data are 
used, does it fit to the purpose, how the data quality is assured and checked, 
what would the impact of using the available but not used data would have been, 
why such data have not been used. 
 Main assumptions: assumptions, their impact, potential for alternative 
interpretations. 
 Main uncertainties: uncertainties in the input data and those produced during the 
interpretation or modelling process, their cause, whether the uncertainty has 
been assessed, means to resolve and whether it would help the further 
assessment. 
 Sensitivity and data quality: how sensitive the models are to the input data, 
confidence to adequately high quality of the data and underlying process 
understanding. 
 Overall consistency: consistency within the biosphere description, with previous 
versions, corresponding other models and science in general. 
 
The KQA is done in the biosphere assessment following the process chart presented in 
Fig. 1-4 (Section 1.2.4), and in the biosphere description following the division into 
Parts A, B and C (Fig. 1-5, Section 1.3): Part A, the site descriptive part, is assessed for  
applied and available data, main assumptions in data handling, uncertainties and overall 
consistency. In the assessment of Part C, the recommended data for further modelling, 
there are the same components except applied and available data, which is from Part A, 
and the sensitivity and data quality, which is specific to the part directly linked with the 
actual models. In Part C, the overall consistency is not evaluated since the evaluation of 
consistency with, for example, parameter values in earlier assessments is left to the 
respective modelling and assessment reports where it better fits. 
 
The omission in the comprehensive KQA in this report is dealing with Part B, the 
ecosystem modelling in the form of process matrices and quantified mass balances and 
flows. This part has not been assessed for knowledge quality yet, since the material is 
still, on the whole, tentative in nature. It is to be significantly improved in the following 
version of the biosphere description, along with integration into the development of 
radionuclide transport and dose models. Therefore, auditing against relevant FEP 
(features, events, processes) databases and lists, an important part of assessment of 
overall consistency, is left for the near future. However, Posiva has been participating in 
and following the work of international projects and other nuclear waste management 
organisations; no major FEPs that could greatly increase the doses for humans are 
expected to be omitted. 
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The focus in this assessment is on the main aspects related to the knowledge quality of 
the key parameters, that is those parameter values (and their background) delivered to 
the further assessment and having a major relevance to the long-term safety of the 
repository, and indentified as described in Chapter 1 and in the beginning of Chapter 11. 
Here the safety relevance is considered to relate to the potential doses (i.e., the domain 
of biosphere and dose assessment), and the effects to the repository volume (e.g., to the 
amount and quality of infiltrating groundwater) are left to the site description (Posiva 
2009). Aspects relevant to the evaluation of the operational safety and environmental 
impacts are correspondingly left to those assessments, but useful data, included in Part 
A. 
 
Since the KQA process is overarching the biosphere assessment with iterative 
development of its components, the results and assessment given here is intended for 
the present stage of the programme. As the data given to the models is improved or the 
models are improved by feedback from the biosphere description, the key processes and 
parameters are expected to change, and, as the ecosystem characterisation proceeds and 
produces more data to be interpreted into model inputs, the relative uncertainties of the 
various input data change and may bring new items to the focus of the biosphere 
assessment. With the steps forward in the repository programme, the data and models 
also mature for the needs for assessments. 
 
 
12.1  Site data 
In this section, the quality of the information presented in Part A, the site descriptive 
part in Chapters 3 to 9, is analysed and discussed. The focus is on the further use of the 
data, especially in the data recommendations in Part C. After considering the applied 
and available, but not used data, main assumptions and uncertainties are listed, and at 
the end of the section some remarks on the overall consistency in Part A are made. 
 
12.1.1  Applied and available data 
The main data applied in the site descriptive part feeding to the ecosystem modelling 
and especially the data recommendations to the further modelling are listed in Table 12-
1, as well as their main further use and whether there is any known mismatch with the 
intended use and the origin or handling of the data. Describing the use of the data in 
subsequent modelling is left for the respective reports, and the key data used in Part C is 
further analysed in Section 12.2. 
 
Developing site understanding can use almost all available data, so not all possible uses 
are listed in the table. Similarly, the data on radionuclides in the environment forms a 
part of the baseline dataset for environmental monitoring during the operation of the 
nuclear waste facility. Furthermore, the data can be used in the complementary 
considerations for the safety case (Posiva 2008) and as defining the "natural" or pre-
facility (baseline) radionuclide background. 
 
In Table 12-2, the significant datasets available, but not used in this biosphere 
description work are listed, the exclusion is rationalised, and potential impact if the data 
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were used is considered. Again, the focus is on the effect onto the radionuclide transport 
and dose assessment, the main goal of the biosphere assessment. It should also be noted 
that not all unknown can be known; an exhaustive list of existing but unused data is not 
possible. 
 
Table 12-1. Applied site data and data on the lakes and mires selected to analogues to 
the future ecosystems at the site, and use of the data in subsequent modelling and 
assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
GEOMORPHOLOGY 
Statistical terrain model Section 3.1 
(Pohjola et al. 2009) 
Topographical basis 
Overburden model 
UNTAMO (and further in 
Surface hydrology model) 
(Horizontal) resolution 
issues should be taken into 
account when used 
together with other data 
Land uplift model Section 3.1 
(Vuorela et al. 2009) 
Land uplift basis 
UNTAMO (and further in 
Surface hydrology model) 
None identified 
CLIMATE AND DEPOSITION 
Meteorological observations 
by the nuclear power plant 
Section 3.2 
(Ikonen 2002, 2005, 2007, 
Haapanen 2008–2009) 
Post-processing: Ikonen 
(2007a) 
Description of climate 
Sea current model 
Surface hydrology model 
UNTAMO 
Somewhat affected by the 
sea; possible bias when 
used for inland conditions 
Meteorological observations 
at forest monitoring plots 
Section 3.2 
(Ikonen 2002, 2005, 2007, 
Haapanen 2008–2009) 
Post-processing: Ikonen 
(2007a) 
Description of 
microclimates 
Surface hydrology model 
Automatic precipitation 
measurements are not 
reliable in the short-term 
(see Section 3.2) 
Snow and ground frost 
measurements 
Section 3.2 
(Ikonen 2002, 2005, 2007, 
Haapanen 2008–2009) 
Description of climate 
Surface hydrology model 
Measurement interval is 
one week during which 
major changes may occur; 
canopy conditions above 
measurement points have 
changed during the years 
Wet deposition monitoring Section 3.3 (Haapanen 
2005–2009) 
Description of climate and 
microclimates 
Surface hydrology model 
Mass balances and fluxes 
Does not describe too well 
the situation offshore 
Stable isotopes in rainwater Section 3.3 
(Kortelainen 2009) 
Site description (bedrock 
hydrology and hydro-
geochemistry) 
None identified 
LAND USE 
Time series from aerial 
photographs (1946-2007) 
Section 3.4 
(Finnish Defence Forces/ 
Defence Intelligence 
Centre, National Land 
Survey) 
 
 
Interpretation into land-
use grid data 
Description of land cover 
Visualisation of shoreline 
displacement and 
checking land uplift model 
results 
 
 
Changes in land use 
Archived photographs 
have been taken for 
specific purposes (military, 
land survey, forest 
management planning) 
and the scales and dates 
are not necessarily 
suitable for interpretation 
of e.g., shoreline 
vegetation. Furthermore, 
sea level is not known 
(either not registered or 
has been registered at 
Rauma mareograph). 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
LAND USE (cont'd) 
Population density 
 
Section 3.4 
(Statistics Finland grid 
database )  
Description of land use 
(Indicative population 
prediction in UNTAMO) 
None identified 
Nature protection and 
protection programme areas 
Section 3.4 
(Finnish Environmental 
Institute) 
Description of land use None identified 
Regional literature on 
settlement and agricultural 
history 
Section 3.4 
(references therein) 
Description of land use 
history 
(Complementary 
considerations for 
UNTAMO and dose 
assessment) 
Poor knowledge on ancient 
history and differences in 
definitions in various 
statistics cause uncertainty 
which cannot be avoided 
FORESTS AND WETLANDS 
Geology and hydrology 
Overburden physical and 
chemical analyses in soil test 
pits (OL-KK1...OL-KK19) 
Section 4.1.2 
(Lintinen et al. 2003, 
Lintinen & Kahelin 2003, 
Lahdenperä et al. 2005, 
Lusa et al. 2009) 
Site description 
(overburden) 
Overburden model 
Support to definition of 
soil-related parameter 
data in radionuclide 
transport modelling 
 
None identified 
Investigation trenches (OL-
TK1...OL-TK16) 
Section 4.1.2 
(Lindberg & Paulamäki 
2004, Huhta 2008, Huhta 
2009, Nordbäck 2008) 
Soil survey and chemical 
analyses from 94 FET 
monitoring plots 
Sections 4.1.2 and 4.3–
4.6 
(Tamminen et al. 2007) 
Site description 
(overburden) 
Overburden model 
Mass balances and fluxes 
UNTAMO 
Radionuclide transport 
modelling (concentra-
tion ratios) 
Data focused on conifer 
forests and fertile sites 
which are typical of 
Olkiluoto at present. More 
data is needed to cover 
birch and alder dominated 
forests, as well as less 
fertile sites  
Forest inventory by 
vegetation polygons 
Section 4.1.2 
(Rautio et al. 2004) 
Site description 
(overburden, drainage 
status) 
Surface hydrology model 
(vegetation type) 
Soil types are generalised 
for the whole polygon; a 
lighter survey than 
Tamminen et al. (2007) 
Does not cover whole 
island, shores excluded.  
Refraction seismic study Section 4.1.2 
(Lehtimäki 2003) 
Site description 
(overburden) 
Overburden model 
Some interpretation issues 
(e.g., different rock surface 
estimates in cases of  
saturated and unsaturated 
soils) 
Map on Quaternary deposits Sections 2.4.2 and 4.2 
(Geological Survey of 
Finland) 
Description of soils at the 
regional level 
Description of Quaternary 
deposits of the 
discharge areas of  the 
reference mires 
None identified 
Map on soil scapes Section 2.4.2 
(Lilja et al. 2006) 
Description of soils at the 
regional level 
None identified, taking that 
the spatial scale is 
understood 
National soil geochemistry 
mapping 
Section 2.4.2 
(Geological Survey of 
Finland)  
Description of soil 
hydrogeochemistry at 
the regional level 
None identified, taking that 
the spatial scale is 
understood 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
FORESTS AND WETLANDS (cont'd) 
Geology and hydrology (cont'd) 
Stratigraphy and 
geochemistry of mires 
Section 4.2  
(Ikonen 2002, Lahdenperä 
et al. 2005, Tamminen et 
al. 2007, survey points by 
the Geological Survey of 
Finland) 
Site description 
(overburden) 
Overburden model 
Support to definition of 
soil-related parameter 
data in radionuclide 
transport modelling 
None identified 
The age and growth rate of 
mires of Southwestern 
Finland 
Section 4.2 
(Mäkilä & Grundström 
2008) 
Site description (mires) 
Testing of land uplift model 
None identified 
Compilation of data on mires 
in Southwestern Finland 
("reference mires") 
Section 4.2  
(Haapanen et al. 2009) 
Site description (mires) 
Testing of UNTAMO peat 
growth model 
An assumption is made 
that these mires represent 
the variety of future mires 
on Olkiluoto site 
Hydraulic conductivity Section 4.1  
(Hellä & Heikkinen 2004, 
Tammisto et al. 2004, 
Tammisto & Lehtinen 
2006, Keskitalo & 
Lindgren 2007, Keskitalo 
2008, 2009) 
Site description 
(hydrogeology) 
Surface hydrology model 
None identified 
Hydrogeochemistry database Section 4.1 
(Pitkänen et al. 2004–
2009) 
Site description (hydrogeo-
chemistry of over-
burden) 
None identified 
Sap flow measurements Section 4.1.3 
(Haapanen 2009) 
Surface hydrology model Sap flow is well accepted 
proxy for transpiration; 
however data is from few 
trees only 
Ground-penetrating radar 
survey of Olkiluodonjärvi mire 
Section 4.1 
(Leino 2001) 
Overburden model 
UNTAMO (estimated 
accumulation rate of  
gyttja) 
None identified 
Dating of isolation time of 
Olkiluodonjärvi mire 
Section 11.2 
(Eronen et al. 1995) 
UNTAMO (estimated 
accumulation rate of  
gyttja) 
Testing of land uplift model 
None identified 
Microbes 
Microbial activity in humus 
layer of MRK monitoring plots 
Section 4.1.4 
(Potila et al. 2007) 
Site description (microbial 
processes) 
None identified 
Microbial activity in 
groundwater 
Section 4.1.4 
(e.g., Pedersen 2008) 
Site description (microbial 
processes) 
None identified 
Flora 
Vegetation inventory by 
polygons 
Section 4.1.5 
(Miettinen & Haapanen 
2002) 
Site description (forest 
ecosystems) 
Surface hydrology model 
(vegetation type) 
None identified 
Forest inventory by polygons Section 4.1.5 
(Rautio et al. 2004) 
Site description (forest 
ecosystems) 
Mass balances and fluxes 
in forests 
Surface hydrology model 
(vegetation type) 
Soil types are generalised 
for the whole polygon; a 
lighter survey than 
Tamminen et al. (2007) 
Does not cover whole 
island, shores excluded. 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
FORESTS AND WETLANDS (cont'd) 
Flora (cont'd) 
Vegetation inventory and 
chemical analyses from 94 
FET monitoring plots 
Sections 4.1.5 and 4.3–
4.6 
(Huhta & Korpela 2006, 
Tamminen et al. 2007) 
Site description (forest 
ecosystems) 
Mass balances and fluxes 
in forests 
Radionuclide transport 
modelling (concentra-
tion ratios) 
Data focused on conifer 
forests and fertile sites 
which are typical of 
Olkiluoto at present. More 
data is needed to cover 
birch and black alder 
dominated forests, as well 
less fertile sites 
Forest inventory in 559 FET 
monitoring plots 
Sections 4.1.5 and 4.3–
4.6 
(Saramäki & Korhonen 
2005) 
Site description (forest 
ecosystems) 
Mass balances and fluxes 
UNTAMO (alternative 
vegetation model) 
Dose assessment (as-
sessment species) 
A bias in the definition of 
the assessment species 
dimensions: such 
measurements are not 
directly done in the 
inventory 
Fine root investigation on 
three FIP monitoring plots 
Sections 4.3–4,6 
(Helmisaari et al. 2009b) 
Site description (forest 
ecosystems) 
Mass balances and fluxes 
Radionuclide transport 
modelling (concentra-
tion ratios) 
Few locations 
Vegetation coverage, 
biomass and chemical 
analyses on three FIP 
monitoring plots 
Sections 4.3–4.6 
(Haapanen 2009) 
Site description (forest 
ecosystems) 
Mass balances and fluxes 
Radionuclide transport 
modelling (concentra-
tion ratios) 
Few locations 
Fauna 
Game statistics Section 4.1.6 and 5.1 
(Ikonen et al. 2003, Ranta 
et al. 2005, Oja & Oja 
2006, Haapanen 2007– 
2009) 
Site description (fauna) 
Mass balance and fluxes 
Dose assessment (produc-
tivity of edibles) 
Statistics concern  game 
animals only and of these, 
hunting permits concern 
only moose and white-
tailed deer, other game is 
based on estimates by 
local hunters 
Bird surveys Section 4.1.6 and 5.1 
(Yrjölä 1997, 2009) 
Site description (fauna) 
Mass balances and fluxes  
None identified 
Small mammal surveys Section 4.1.6 
(Ranta et al. 2005, 
Nieminen & Saarikivi 
2008) 
Site description (fauna) 
Mass balances and fluxes 
Few locations 
Bat survey Section 4.1.6  
(Ranta et al. 2005) 
Site description (fauna) Short observation  period, 
few locations, applied 
acoustic method does not 
allow exact identification of 
all species 
Herpetofauna survey Section 4.1.6  
(Nieminen & Saarikivi 
2008) 
Site description (fauna) 
Mass balances and fluxes 
Short observation  periods, 
few locations 
Invertebrate survey Section 4.1.6 
(Ranta et al. 2005,  
Santaharju et al. 2009) 
Site description (fauna) 
Mass balances and fluxes 
Few locations 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
FORESTS AND WETLANDS (cont'd) 
Fauna (cont'd) 
Fauna inventories on 
reference mires 
Section 4.2.3 
(www.ymparisto.fi) 
Site description (fauna) 
Dose assessment (produc-
tivity of edibles) 
First, an assumption is 
made that the reference 
mires represent the future 
Olkiluoto mires. Secondly, 
the quality (sampling 
design etc.) of the fauna 
inventories is not known 
FRESHWATER BODIES 
Geology of lakes and rivers 
Quaternary deposit map Sections 6.1.2, 6.2.1, 
6.3.1, 6.4.1, 6.5.1, 6.6.1 
and 6.7.1  
(Geological Survey of 
Finland) 
Site description 
(overburden) 
None identified 
CORINE 2000 Land Cover 
map 
Sections 6.1.2, 6.2.1, 
6.3.1, 6.4.1, 6.5.1, 6.6.1 
and 6.7.1  
(Finnish Environmental 
Institute) 
 
Site description 
(overburden) 
The map is partly based on 
satellite image interpreta-
tion. However, in larger 
areas such as catchment 
areas, some of the errors 
are averaged off 
Hydrology and water quality 
Lake monitoring database Sections 6.1.3, 6.2.1, 
6.3.1, 6.4.1 and 6.5.1  
(Environmental 
information and spatial 
data service - OIVA portal, 
May 4, 2009) 
Site description (lakes) 
Radionuclide transport 
modelling (input data) 
Water quality studied 
rarely, hydrological data 
missing in some lakes 
River monitoring database Sections 6.6.2 and 6.7.2  
(Lehtonen & Koivunen 
2009, Koivunen 2008, 
Environmental information 
and spatial data service - 
OIVA portal, May 4, 2009) 
Site description (rivers) 
UNTAMO 
Radionuclide transport 
modelling (input data) 
In Lapinjoki, water quality 
studied rarely 
Primary production 
Lakes Sections 6.1.4, 6.2.2, 
6.3.2, 6.4.2 and 6.5.2  
(Environmental 
information and spatial 
data service - OIVA portal, 
May 4, 2009, Hakila & 
Kalinainen 1992, 2001, 
Sydänoja et.al. 2004, 
Salmi 2006, Turkki et.al. 
1998) 
Site description (lakes) 
Mass balances and fluxes 
Radionuclide transport 
modelling (input data) 
Data missing or  scarce in 
some lakes 
Rivers Sections 6.6.3 and 6.7.4 
(Lehtonen & Koivunen 
2009, Koivunen 2008, 
(Environmental 
information and spatial 
data service - OIVA portal, 
May 4, 2009) 
Site description (rivers) Scarce data 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
 
Data set Source and post-handling 
of data a 
Use of data b Any mismatch with 
intended use? c 
FRESHWATER BODIES (cont'd) 
Fauna and habitats 
Lakes Sections 6.1.5, 6.2.3, 6.2.4, 
6.3.4, 6.4.4 and 6.5.4 
(Sydänoja et al. 2004 
Hakila & Kalinainen 1992, 
2001 , Salmi 2006, Turkki 
et. al. 1998, Metsähallitus 
2006)  
Site description (lakes) 
Mass balances and fluxes 
Dose assessment (produc-
tivity of edibles) 
Lack of zooplankton data. 
Not necessarily time 
series, but single 
inventories. 
Rivers Sections 6.6.3 and 6.7.3 
(Turkki & Kirkkala 2007, 
Satakunnan kalatalouskes-
kus 2005, Räisänen & 
Mattila 2001) 
Site description (rivers) 
Mass balances and fluxes 
Data covering only bottom 
fauna and fish species. No 
data on River Lapinjoki. 
Small water bodies 
Spring water quality 
monitoring by Posiva 
Section 6.8.2 
(Haapanen 2009, Snellman 
1995, Tuominen 1994) 
Site description (hydrogeo-
chemistry) 
So far only few sampling 
occasions 
Stream and spring water 
survey 
Sections 6.8.2 and 6.8.3 
(Geological Survey of 
Finland; Lahermo et al. 
1996, 1999, 2002) 
Site description (hydrogeo-
chemistry) 
A single survey; no time 
series 
LITTORAL SYSTEMS 
Acoustic-seismic sounding 
on seabed sediments 
Section 5.2 
(Rantataro 2001, 2002, 
Rantataro & Kaskela 2009) 
Site description (over-
burden) 
Overburden model 
None identified 
Inventory by vegetation 
polygons 
Section 5.2.2 
(Miettinen & Haapanen 
2002) 
Site description (littoral 
flora) 
None identified 
Transect inventory of sea 
bottom 
Section 5.2.2 
(Ilmarinen et al. 2009) 
Site description (over-
burden, flora, fauna) 
Overburden model 
None identified 
Aquatic macrophyte 
monitoring 1975-2008 
Section 5.2.2 
(Kinnunen & Oulasvirta 
2004, Vahteri & Jokinen 
1999, Mäkinen et al. 1992, 
Keskitalo & Ilus 1987, 
Ekengren et al. 1985, 
Haapanen 2008) 
Site description (littoral 
flora) 
These studies belonging to 
the mandatory monitoring 
by the Olkiluoto nuclear 
power plant cover areas 
important from the point of 
view of the power plant 
and are not directly 
suitable for Posiva's needs 
Inventory of reed beds Section 5.2.2 
(Haapanen & Lahdenperä 
2009) 
Site description (littoral 
flora) 
UNTAMO 
None identified 
Game statistics Section 5.2.2 
(Ikonen et al. 2003, Oja & 
Oja 2006, Haapanen 2007– 
2009) 
Site description (littoral 
fauna) 
Dose assessment (produc-
tivity of edibles) 
Statistics concern  game 
animals only and are 
based on estimates by 
local hunters 
Bird surveys Section 5.2.2 
(Yrjölä 1997, 2009) 
Site description (littoral 
fauna) 
Dose assessment (produc-
tivity of edibles) 
None identified 
Alder stand survey Section 5.2.2 
(Roivainen 2006) 
Site description (mainly 
small mammals) 
Radionuclide transport 
modelling (concentra-
tion ratios) 
Black alder habitat only 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
LITTORAL SYSTEMS (cont'd) 
Bat inventory Section 5.2.2 
(Ranta et al. 2005) 
Site description (littoral 
fauna) 
Short observation  period, 
few locations, applied 
acoustic method does not 
allow exact identification of 
all species 
Small mammal surveys Section 5.2.2  
(Nieminen & Saarikivi 
2008) 
Site description (fauna) 
Mass balances and fluxes 
Few locations 
Herpetofauna surveys Section 5.2.2  
(Nieminen & Saarikivi 
2008) 
Site description (fauna) 
Mass balances and fluxes 
Short observation  periods, 
few locations 
Invertebrate survey Section 5.2.2 
(Ranta et al. 2005,  
Santaharju et al. 2009) 
Site description (fauna) 
Mass balances and fluxes 
Few locations 
Survey of nature values Section 5.5.2 
(Lepola & Ojala 2007) 
Site description (fauna) Scope of study not totally 
fit for Posiva's needs 
Quaternary deposit map Sections 5.3 and 5.4  
(Geological Survey of 
Finland) 
Site description (over-
burden) 
None identified 
Vegetation and birdlife 
surveys on reference lakes 
Section 5.4 
(Metsähallitus 2006, Salmi 
2006, Sydänoja et al. 
2004, Hakila & Kalinainen 
2001, Turkki et al. 1998) 
Site description (flora and 
fauna) 
None identified 
SEA ENVIRONMENT 
Acoustic-seismic sounding of 
sea bottom sediments 
Sections 7.1.2, 7.2.1 and 
7.3 
(Rantataro 2001, 2002, 
Rantataro & Kaskela 
2009, Kotilainen et al. 
2008) 
Site description (over-
burden) 
Terrain model 
Overburden model 
None identified 
Sea bottom surface sediment 
sampling 
Sections 7.1.2 and 7.2.1 
(Kotilainen et al. 2008) 
Site description (over-
burden) 
Preliminary results, will be 
confirmed during 2009 
Transect inventory of sea 
bottom 
Sections 7.1.2, 7.1.4, 
7.1.5, 7.2.3, 7.2.4 and 7.3 
(Ilmarinen et al. 2009) 
Site description (over-
burden, flora, fauna) 
Overburden model 
None identified 
Monitoring of sinking matter  Section 7.1.2 
(Mattila et al. 2006, 
STL1978–1983) 
Site description (sedimen-
tation conditions) 
Radionuclide transport 
modelling (input data) 
Except the study of Mattila 
et al. (2006), not directly 
intended for estimation of 
sedimentation rates 
Monitoring of physico-
chemical water quality 
Sections 7.1.3, 7.2.2 and 
7.3 
(Turkki 2006, Kirkkala & 
Turkki 2005, Turkki 2006– 
2008) 
Site description (sea 
environment) 
None identified 
Monitoring of primary 
production, phytoplankton 
species and biomass 
Sections 7.1.4, 7.2.3 and 
7.3 
(Turkki 2006, Kirkkala & 
Turkki 2005, Turkki 2006– 
2008) 
Site description (sea 
environment) 
Mass balances and fluxes 
None identified 
Monitoring of bottom fauna 
species and biomass 
Sections 7.1.5, 7.2.4 and 
7.3 
(Turkki 2006, Kirkkala & 
Turkki 2005, Turkki 2006– 
2008) 
Site description (sea 
environment) 
Mass balances and fluxes 
None identified 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-1 (cont'd). Applied site data and data on the lakes and mires selected to 
analogues to the future ecosystems at the site, and use of the data in subsequent 
modelling and assessments.  
 
Data set Source and post-
handling of data a 
Use of data b Any mismatch with 
intended use? c 
SEA ENVIRONMENT (cont'd) 
Zooplankton studies Sections 7.1.5 and 7.2.4 
(Turkki 2009) 
Site description (sea 
environment) 
Rather short time series 
Monitoring of fish stocks Sections 7.1.5 and 7.2.4 
(e.g. Lintinen 2006, 
Piispanen & Lintinen 
2003) 
Site description (sea 
environment) 
Fish species are not 
studied from the point of 
view of the ecosystems 
Water quality survey Sections 7.1.3, 7.2.2, 7.3 
(Lindfors et al. 2008) 
Site description (sea 
environment) 
A single-day survey 
Marine landscape data Section 7.1.2 
(Al-Hamandani et al. 
2007) 
Site description (sea 
environment) 
Low spatial resolution 
AGRICULTURAL SYSTEMS 
Crop production database Section 8.1 
(www.matilda.fi) 
Site description (agri-
culture) 
Radionuclide transport 
modelling 
Dose assessment (produc-
tivity of edibles) 
Data from larger area than 
Olkiluoto Island due to 
minor agricultural activity 
on the island at present, as 
well as information security 
reasons 
Animal production database Section 8.3 
(www.matilda.fi) 
Site description (agri-
culture) 
Safety indicators 
See above 
Irrigation survey Sections 8.2 and 11.2.4 
(Pajula & Triipponen 
2003) 
Site description (agri-
culture) 
Radionuclide transport 
modelling 
Regional data 
OTHER ANTHROPOGENIC SYSTEMS 
Dam register Section 9.5 
(www.ymparisto.fi) 
Site description (use of 
natural resources) 
UNTAMO 
None identified 
a
 Reference to the original reports and/or reference within this report; if any post-handling (assumptions) is done after field 
measurements/sampling, very brief description and reference should be given 
b 
Models where the data are used: e.g. key data in description of a specific part of the ecosystems (which), ecosystem modelling (mass 
balances, Chapter 10), overburden model, sea current model (e.g. Lauri 2008), surface and near-surface hydrological model ("surface 
hydrology model"), terrain and ecosystems development model ("UNTAMO"), radionuclide transport modelling, dose assessment. For 
descriptions of the models not given reference here, see Section 11.1.  
c
 Any major mismatch in the study conditions and the intended use (the key data will be analysed in more detail in Section 12.2) 
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Table 12-2. Available but not applied site data and data on the lakes and mires selected 
to analogues to the future ecosystems at the site. 
 
Data set Rationale of exclusion Potential impact if data was used 
GEOMORPHOLOGY 
Statistical terrain model (Pohjola et al. 
2009) 
Not used in the sea current model 
(but is used otherwise) 
Likely insignificant because of the 
resolution of the sea current model 
CLIMATE AND DEPOSITION 
PAR and total radiation measurements 
(Ikonen 2007a, Haapanen 2007–2009) 
Too short time series More detailed information on local 
growth conditions  
Might improve information on depth 
of the illuminated zone in sea water 
column when combined with 
suspended solids model/data 
Minor impact to dose assessment 
foreseen 
Detailed weather observations during 
the baseline measurements in the GPS 
monitoring network and during the 
precise levelling campaigns (e.g., 
Ahola et al. 2008, Lehmuskoski 2008) 
Lack of time for detailed analysis Improved understanding on the 
smaller scale variability of weather 
conditions, especially for application 
of the power plant weather station 
data on larger areas (long time 
series but exposed to the sea), and 
for considerations of growth 
conditions in different parts of the 
site 
Radionuclides in dry and wet 
deposition (Ikonen 2003, Roivainen 
2005, Haapanen 2005–2009) 
Limited set of radionuclides present 
in the deposition, no direct further 
use at the moment 
Insignificant, see the rationale 
FORESTS AND WETLANDS 
Multi-source forest inventory data of 
2009 (National forest inventory) 
Lack of time; dataset came available 
only recently 
Would possibly have increased the 
details in the description at TESM 
level 
Radionuclides in soil and flora (Ikonen 
2002, 2003, Roivainen 2005, 2006, 
Haapanen 2005–2009, Lusa et al. 
2009) 
Limited set of radionuclides present, 
no direct further use at the moment; 
lack of soil data from the sampling 
sites of flora 
Insignificant, see the rationale 
Radionuclides in small mammals 
(Roivainen 2006) 
Limited set of radionuclides present, 
no direct further use at the moment 
Insignificant, see the rationale 
Radionuclides in frog and viper (Brown 
2008) 
Data not yet available from STUK; 
part of a NKS-B GAPRAD project 
(www.nks.org) 
Possible source for data on 
radionuclide transport to amphibians 
and reptiles 
Microbial activity (Potila et al. 2007, 
Pedersen 2008) 
Lack of time to develop integration 
of experts to the ecosystem 
modelling work 
Improvement of ecosystem models 
for forests, might further improve also 
radionuclide transport and dose 
models later 
FRESHWATER BODIES 
No unused data identified 
LITTORAL SYSTEMS 
Composition and extent of shoreline 
vegetation in selected locations along 
the coastline of Bothnian Sea 
(Alahuhta 2008) 
Lack of time to find out useful 
features from this dataset 
Would possibly have increased the 
details in the description at site and 
regional levels 
Radionuclides in shoreline vegetation 
(Haapanen 2006) 
Limited set of radionuclides present Insignificant, see the rationale 
SEA ECOSYSTEMS 
Water quality data of Lindfors et al. 
(2008) 
Single-day measurements, lack of 
time to integrate to e.g. sea current 
and nutrient transport modelling 
Likely would improve overall 
understanding of sea ecosystems 
Radionuclides in seawater, sediments 
and bioindicators (Ikonen 2003, 
Roivainen 2005, Haapanen 2005–
2009) 
Limited set of radionuclides present, 
for some few relevant nuclides 
maybe some information but not for 
the key nuclides addressed by this 
report 
Generally insignificant, see the 
rationale. For the relevant nuclide for 
which adequate data set is available, 
provides site-specific concentration 
ratio and Kd data. 
AGRICULTURE 
Radionuclides in crops and animal 
products (Ikonen 2003, Roivainen 
2005, Haapanen 2005–2009) 
Limited set of radionuclides present, 
no corresponding soil sample data 
available/reported 
Insignificant, see the rationale 
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12.1.2  Main assumptions 
In this part of the knowledge quality assessment, main assumptions should be listed and 
classified by their nature. As well, their possible impact should be considered as to 
whether the impact has been quantified, is there potential for alternative interpretations 
and whether there are needs for further development. As the site descriptive part of the 
biosphere assessment work is considered in this chapter, and the general focus is on the 
possible impacts to the radionuclide transport and dose assessment, the main 
assumptions are related to possible post-handling of direct measurement and survey data 
– these have been listed already in Table 12-1 above.  
 
12.1.3  Main uncertainties 
The main uncertainties related to the Part A of the report, the site descriptive part, are 
listed in Table 12-3 with the focus of radionuclide transport and dose assessment 
implications. An exhaustive listing of all uncertainties related to the field measurements, 
surveys, sampling, pre-treatment, analyses, statistics, interpretation of the data etc. is 
acknowledged to be virtually impossible in this context; the bulk of the information 
remains in the original documentation. However, in the identification of which 
uncertainties are the most important in the context of the biosphere assessment, all these 
aspects have been taken into consideration. For these main uncertainties, their effect 
also on site understanding (features and processes), constructing mass balances and 
especially to the use of the data in the subsequent modelling in biosphere assessment 
has been identified and means to reduce the uncertainty planned, feeding to Chapter 13.  
 
 
Table 12-3. Main uncertainties related to the field data used in the biosphere 
description. 
 
Uncertainty Cause and assessment of 
uncertainty 
Effect on the product Means to reduce the 
uncertainty 
GENERAL 
Concentration ratios for key 
elements 
Information density; few 
data on I and Cl 
Uncertainties regarding site-
specific conditions that might 
affect to the parameter value; 
however, generic literature 
should cover the range rather 
well 
Added to analytical 
programmes of forest 
ecosystems, should be 
added on other 
samples, too 
Distribution coefficients (Kd) Lack of site-specific data A research programme 
has been initiated in 
2008 
Productivity of edibles Information density; good 
data only on crops, large 
data gaps on aquatic 
systems 
Uncertainty in dose assess-
ment; however, by comparing 
with more generic data, it 
seems that the correct order 
of magnitude has been 
captured 
Monitoring of berry and 
mushroom production 
has been planned; for 
aquatic systems this 
issue is related to 
overall planning of 
further research 
Dimensions and weights of 
assessment species 
(reference organisms) 
Information density; 
generally rather scarce 
data 
Uncertainty in dose assess-
ment of the other biota; 
however, dose levels are 
expected to be very low 
anyway 
More measurements, 
to be included in all 
sampling programmes 
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Table 12-3 (cont'd). Main uncertainties related to the field data used in the biosphere 
description. 
 
Uncertainty Cause and assessment of 
uncertainty 
Effect on the product Means to reduce the 
uncertainty 
GEOMORPHOLOGY 
Overburden thickness and 
stratigraphy 
Information density Need for extensive interpola-
tion in the overburden model; 
uncertainties especially 
regarding the volumes 
through which releases from 
the repository would flow 
New studies are 
planned; however, 
there will always 
remain areas of low 
data density 
CLIMATE AND DEPOSITION 
Snow and ground frost 
measurements 
Information density: weekly 
measurements do not 
necessarily capture all 
relevant changes 
Low data resolution, but 
surface hydrology model can 
fill the gaps and use the 
available scarce data for 
calibration 
Automatic snow cover 
measurement devices 
are planned to be 
tested 
Deposition monitoring Information density; no 
collectors in the sea area, 
also the dry deposition 
component is lacking 
Uncertainty in the overall 
mass balances and fluxes; not 
directly affecting dose assess-
ment 
Dry deposition 
sampling is being 
planned; logistical 
problems with 
monitoring in sea area 
Automatic precipitation 
measurements at intensive 
forest monitoring plots 
Data inaccuracy; data not 
reliable in the short term 
Possible wrong interpretations 
unless care is taken in the 
subsequent modelling (mainly 
the surface hydrology model) 
Comparison with wet 
deposition sampling 
results and to the 
weather station of the 
power plant 
FORESTS AND WETLANDS 
Sap flow measurements Number of currently 
measured trees do not 
cover the variability in stand 
level 
With more extensive data the 
calibration of the surface 
hydrology model would be 
improved 
Measurement systems 
are planned to be 
extended 
Forest inventory by polygons Land-use changes: data 
are not up-to-date 
 
Records on harvesting 
cuttings are missing 
Roughness in mass balance 
estimates; not directly 
affecting dose assessment 
Update is being 
planned 
 
Historical records 
should be obtained 
from TVO and Forest 
and Park Service 
Soil survey and analyses on 
the FET monitoring plots 
Only few black alder 
dominated stands included: 
variation in black alder-
dominated stands is not 
covered 
Uncertainty in concentration 
ratios; site data does not 
necessarily have adequate 
coverage over the relevant 
conditions. However, generic 
data (used as supporting 
data) should cover the total 
variation. 
New plots have been 
established in alder 
forests, but inventories 
have not been finished 
yet 
Animal data Information density; game 
is well covered, also small 
mammals, beetles and 
birds have been studied 
rather extensively, but data 
on the other fauna is scarce 
Uncertainty in mass balance 
estimates, concentration 
ratios and definition of the 
assessment species for the 
dose assessment of the other 
biota 
New inventories have 
been planned; gaining 
adequate time series 
will take time 
Use of reference mires as 
analogues to those expected 
to form at Olkiluoto site 
Major assumption; only few 
and small mires exist in 
Olkiluoto at present 
Overall uncertainty on 
representativeness 
To some extent 
studying more mires 
might improve the 
knowledge basis, but 
on the other hand the 
effort would not 
remove the need of 
assuming similarity 
Varying data on geology, 
flora and fauna of reference 
mires 
Information density; there 
has not been systematic 
overall ecosystem 
characterisation 
Uncertainty in the respective 
data throughout the biosphere 
assessment 
Study needs have 
been identified 
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Table 12-3 (cont'd). Main uncertainties related to the field data used in the biosphere 
description. 
 
Uncertainty Cause and assessment of 
uncertainty 
Effect on the product Means to reduce the 
uncertainty 
LITTORAL SYSTEMS 
Hydraulic and chemical 
properties of gyttja 
Lack of data Uncertainty mainly in the 
surface hydrology model 
Sampling and 
measurements 
(planned) 
Accumulation of gyttja layer Lack of direct data Uncertainty in the biosphere 
forecasts, propagating further 
to radionuclide transport 
modelling 
A survey should be 
carried out 
Water quality of runoff from 
shoreline areas outside the 
main river catchments 
Information density; only 
single measurements 
Uncertainty in mass balances 
and fluxes; better data would 
improve the biosphere 
forecasts (runoff formation) 
 
FRESHWATERS 
Monitoring data on the River 
Lapinjoki 
Information density; only 
few water quality 
measurements 
Uncertainty in overall site 
understanding; more data 
would improve the biosphere 
forecasts 
Automatic monitoring 
station is being 
planned 
Flora and fauna in rivers Generally lack of data; 
some information on River 
Eurajoki exists, but does 
not cover the whole 
ecosystem 
Uncertainty in the mass 
balance and flux estimates 
and in the coverage of 
concentration ratio and 
assessment species data 
Vegetation mapping 
has been planned, 
other studies should 
be considered 
River bottom sediment Lack of data; can be 
estimated to some extent 
based on the river banks 
Uncertainty in biosphere 
forecast modelling 
(sedimentation/erosion 
conditions, future overburden) 
Survey should be 
considered 
Use of reference lakes as 
analogues to those expected 
to form at Olkiluoto site 
Major assumption; there 
are no lakes in Olkiluoto at 
present 
Overall uncertainty on 
representativeness 
To some extent 
studying more lakes 
might improve the 
knowledge basis, but 
on the other hand the 
effort would not 
remove the need of 
assuming similarity 
Varying data on geology, 
water quality, flora and fauna 
of reference lakes 
Information density; there 
has not been systematic 
overall ecosystem 
characterisation 
Uncertainty in the respective 
data throughout the biosphere 
assessment 
Study needs have 
been identified 
SEA ENVIRONMENT    
Effect of thermal loading of 
the nuclear power plant 
cooling water discharge 
Effect on other parameters Possible bias in the data 
collected, mainly within the 
power plant monitoring 
programme 
A complicated issue; to 
some extent possible 
to evaluate with sea 
current and nutrient 
modelling when it 
develops to simulate 
more ecological factors 
Sedimentation Information density; 
erosion/sedimentation 
areas not known in detail, 
no recent  data on 
sedimentation rates, no 
data on erodability 
Uncertainty in biosphere 
forecasts (sedimentation/ 
erosion processes, future 
overburden layers) and in 
radionuclide transport models 
Measurements and 
modelling campaigns 
have been planned 
Zooplankton Information density; data 
only from one site 
Uncertainty in mass balance 
estimates 
More sampling sites in 
future 
Fish No studies from the view of 
full ecosystem but only of 
fishery 
Uncertainty in mass balance 
estimates and in dose assess-
ment (productivity of edibles; 
assessment species) 
Test fishing and seine-
fishing of fry has been 
planned 
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Table 12-3 (cont'd). Main uncertainties related to the field data used in the biosphere 
description. 
 
Uncertainty Cause and assessment of 
uncertainty 
Effect on the product Means to reduce the 
uncertainty 
AGRICULTURE 
Crop and animal production Information density; part of 
data integrated from 
Southern Satakunta or 
whole Satakunta province 
No significant effects in 
biosphere assessment, but for 
the assessment logic more 
site-specific data would be 
preferable 
Municipal data from 
Eurajoki are available 
but these does not 
necessary represent 
the future conditions 
any better 
Irrigation Information density; data 
integrated from whole 
Satakunta province 
Uncertainty in radionuclide 
transport modelling 
Irrigation data could be 
surveyed from areas 
close to Olkiluoto. 
 
 
12.1.4  Consistency with previous versions and external information 
Since the previous Biosphere description report (Haapanen et al. 2007), the 
understanding over the conventional disciplines of environmental studies and 
monitoring has increased. In this version, the interdisciplinary interaction matrix  
(Haapanen et al. 2007, p. 142) was not revised due to the greater effort needed for the 
transport process descriptions and mass balance and flow estimates (Chapter 10), and 
delivery of recommended data to the other assessment (Chapter 11), compared with the 
earlier version. The descriptions of fauna, and littoral and agricultural ecosystems based 
on local and regional site data have been the main improvements in respect of the study 
disciplines, and also the description of the locally important rivers has been significantly 
improved. 
 
The attempt to compile ecosystem-specific mass balances and fluxes for carbon 
(Chapter 11) has revealed the largest data gaps and badly compatible datasets within the 
local and regional site data, and contribute significantly to the future characterisation 
and research programme (see also Chapter 13). 
 
A major conceptual improvement has been introducing the set of analogues to lakes and 
mires expected to form at the Olkiluoto site in the future. Lakes and larger mires lack 
there at present, so earlier the information on such ecosystems has been marginal in the 
Biosphere description report. In the present version, the literature data on the 
ecosystems of the selected seven lakes (four lake systems) and three mires have been 
summarised (further condensed from Haapanen et al. 2009). This serves as a basis for 
planning of supplementary studies, guided by the identified lacks in the overall 
ecosystem description. 
 
Also, the present description is supported by a large set of generic geographical 
information datasets, and related processing, on the larger Reference Area covering 
most of the Satakunta and Varsinais-Suomi provinces (Section 1.3.1). In some cases the 
regional GIS data has been used to fill data gaps, too. 
 
In respect of improvements within individual datasets, in general the time series of 
monitoring data are longer than in 2006. This is especially the case with water quality 
modelling and the forest monitoring on Olkiluoto Island. Concerning the latter also new 
studies have been started and the monitoring network improved. With the former, 
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analyses on organic carbon and zooplankton have been added to the programme. Most 
prominent new campaign studies include extension to the acoustic-seismic sounding of 
the seabed sediments; transect study of terrestrial, littoral and aquatic vegetation, fauna 
and surface soil and sediments; mapping of the extent, vitality and habitat conditions of 
reed beds; and more extensive fauna surveys. More attention has been paid on the land 
use history as the changes in the land use have been studied from aerial photograph time 
series (1946-2007) and literature. 
 
No conflicts to the generic knowledge have been identified, but especially the study on 
fine root elongation and longevity at Olkiluoto is the first one using minirhizotrones in 
Southern Finland, and the first study on Scots pine and birch fine roots in the whole 
Fennoscandia. 
 
 
12.2  Recommendations on assessment data  
In this section, the quality of the knowledge base of the recommendations on 
assessment data, Chapter 11, is analysed. The focus is on the key parameters and key 
radionuclides (C-14, I-129, Cl-36) identified in section 1.3 and in Chapter 11. The 
analysis of the knowledge base of the other site data used in the biosphere assessment is 
left to the background data report (Ikonen et al. 2009a). 
 
The analysis of the quality of the data recommendations focuses on the main 
assumptions and uncertainties underlying the given data, and on the appropriateness of 
the data in the assessment context. As it is not always possible to measure directly the 
needed parameter data, proxies or surrogate data is needed, in addition to temporal and 
spatial averaging of the measurements. These are assessed in the following sections, and 
the assessment will be improved by iteration as the overall biosphere assessment 
matures. 
 
12.2.1  Main assumptions 
In Table 12-5, the main assumptions underlying the data recommended to the 
assessment use are listed and classified by their nature. The classification is presented in 
Table 12-4, which is a modified version of the approach of Swiss National Cooperative 
for the Disposal of Radioactive Waste (Nagra 2002). 
 
Table 12-4. Classification system of assumptions, modified from (Nagra 2002). 
 
Categorisation of assumptions for broad characteristics and evolutionary path followed by the system 
and conceptualisation of phenomena 
LE Conceptual assumption corresponds to the likely/expected characteristics and evolution of the 
system 
PCA Pessimistic conceptual assumption within the reasonably expected range of possibilities 
WRP Within the range of possibilities but likelihood not currently possible to evaluate — other (and 
sometimes more pessimistic) assumptions may not be unreasonable 
ST Stylised conceptualisation of system characteristics and evolution 
Categorisation of simplifications made for modelling purposes 
MS Modelling simplification — not significantly affecting numerical results 
CS Modelling simplification — intrinsically conservative 
CP Modelling simplification — conservative given the assumed model parameters 
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Table 12-5. Main assumptions in the delivery of data to other biosphere assessment. 
 
Assumption Class a Comment 
SURFACE AND NEAR-SURFACE HYDROLOGICAL MODEL 
Saturated hydraulic conductivities of the future 
soil types are similar to those at present 
LE A reasonable assumption given that future soil types 
corresponding to the present sea bottom sediments 
are known and accumulation/erosion processes are 
modelled adequately 
Sap flow measurements are used as a proxy to 
actual transpiration 
LE Sap flow is a widely accepted proxy for actual 
transpiration 
TERRAIN AND ECOSYSTEM FORECASTS 
Share of total precipitation reaching river water 
flow is estimated from the precipitation on the 
river catchment area and the measured flow 
rate 
ST A reasonable proxy for the present rivers and their 
catchment areas at annual levels, and likely for their 
future extensions provided that the land use and soil 
types remain similar. More uncertain for other future 
catchments. A more detailed model version based on 
simplification of the surface hydrology model is 
planned. 
Transport of eroded material from land to 
suspended matter in rivers is calibrated by 
adjusting terrestrial erosion model values to fit to 
average suspended matter load in river water 
ST A similar situation as for water described just above. 
Development of an improved model is somewhat 
more difficult. 
Critical shear stress values are based on data 
for a large lake 
WRP Sediment type to which the data are applicable 
corresponds to observed surface sediment type 
offshore Olkiluoto 
 
For aquatic erosion and sedimentation model, 
wind data from present-day Olkiluoto is used 
WRP Most local weather station with reasonably long time 
series. Major change in wind conditions in the site 
scale is unlikely. For the impact of coastline retreat 
rather sophisticated models would be needed. 
Accumulation rate of gyttja is based solely on 
data from Olkiluodonjärvi mire, and an average 
rate is derived 
ST At the present no other data sets are available, and 
the present data are not detailed enough for more 
elaborate model. 
Peat growth parameters have been derived from 
national-level data 
 
WRP Describes the broad characteristics of peat bog 
formation, identified as an issue for further study and 
testing 
 
Peat growth parameters assume linear 
relationships 
LE Coupled to the peat growth model, implications have 
been discussed in Clymo (1984, 1992) and  Clymo et 
al. (1998) 
 
Classification of future forest types based on 
predicted soil type 
LE There is large variation in properties within the forest 
site classes (created for the needs of practical 
forestry). Same site type may exist on several soil 
types, for example the OMT type on fine grained tills, 
clay or silt soils  or even sorted sand soils.  
Calibration of reed colonisation model with data 
from Olkiluoto alone 
WRP Independent datasets are available for testing the 
applicability of the calibration (Alahuhta 2008), but 
testing is forthcoming. Overall conservativeness is 
difficult to estimate at the moment. 
LANDSCAPE MODELLING 
Basing MAI approach on the future forest type 
classes 
LE Success of implementation depends on the forest 
type prediction (above). 
Derivation of MAI values for wood WRP Using MAI values from the literature instead of site 
data smoothes the 'noise' in Olkiluoto data caused by 
forest management fashions some 40 years ago 
(Scots pine is growing on sites suitable for Norway 
spruce). However, data from average values of 
Southern Finland are not best possible for coastal 
conditions; source data is scarce and old.  
Derivation of biomass values WRP Swedish models are used; they should be replaced 
by the recent Finnish ones in the future. 
Element transport from soil to wood, foliage, 
understorey and berries is proportional to the 
fine root biomass and concentration in the soil 
compartments 
LE A conventional transfer factor approach elaborated to 
accommodate several soil layers; the parameters are 
defined so that effectively the data result in the 
conventional approach (see Section 11.2.4).  
a
 See classification above in Table 12-4. 
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Table 12-5 (cont'd). Main assumptions in the delivery of data to other biosphere 
assessment. 
 
Assumption Class a Comment b 
LANDSCAPE MODELLING (cont'd) 
Literature values for soil bulk density have been 
used in calculation of the effective concentration 
ratio (average concentration in soil) 
WRP 
 
Lack of site data from the same places, expected 
variation rather small compared with those of the 
other variables. Class is MS especially if the same 
soil bulk density values are applied when the 
concentration ratio values are used. 
Distribution of fine root biomass used in deriving 
the concentration ratios is based on three plots 
in Olkiluoto 
WRP Distributions are consistent with Finnish average data 
(Helmisaari et al. 2007, 2009a). 
Fine root distribution of young birch stand is 
applied to all deciduous stands 
WRP At the moment, there are no alternative datasets 
available 
Crop irrigation data is based on existing 
recommendations in Finland 
LE No site-specific data available 
Leaf area indices for crops are based on Finnish 
experiments 
LE No site-specific data available 
Mixing height for forest is based on literature 
data concerning well developed canopy and its 
CO2 demand 
WRP Literature data on CO2 demand of different vegetation 
types and development stages shall be reviewed and 
compared with vegetation growth data. Affects only 
the C-14 transport model. 
Net primary production in lakes is based on 
generic data for a shallow and mesotrophic lake 
LE As there are presently no lakes at the site, the lake 
type is based on geometrical and hydrological data 
from biosphere forecasts. Affects only C-14 transport 
model. 
Dissolved inorganic carbon content in lake water 
is based on a value for Lake Pääjärvi 
WRP Measurement data from relevant conditions is scarce. 
Affects only C-14 transport model. 
Sedimentation rate in lakes is based on a single 
study 
WRP Lack of data from relevant conditions. Affects only C-
14 transport model. 
For decomposition rate of exposed sediment a 
literature value is used 
WRP No better data. Affects only C-14 transport model. 
DOSES TO HUMANS 
Carbon content of edible products follows from 
the main nutrient contents taken from the 
national FINELI database 
LE Well established data, small variability across data 
sources. In some cases the nutrient contents have 
been assigned based on the similarity of the edibles. 
Production of a berry species is independent 
from other species 
CS  
Productivity values for some berries and site 
types have been scaled from the others 
WRP Lack of data 
Productivity of mushrooms is based on literature 
value, an estimate for Southern Finland 
WRP Lack of data 
Production of game is based on game bag of 
2002–2007 
WRP Comparably long site-specific time series in 
comparison to other data applied, the data basis will 
enlarge with time 
 
Game production at the entire site is evenly 
distributed to derive an area-based number 
PCA Likely over-estimates the production in potentially 
contaminated areas and involves less assumptions 
than attempting a classification based on, for 
example,  vegetation type 
Edible portion of grouse and moose are 
assumed to be valid to all wildfowl and deer, 
respectively 
WRP Lack of data, a reasonable assumption based on 
anatomy 
 
Productivity of edible fish in lakes is based on a 
number of separate literature values 
WRP Lack of comprehensive site-relevant data 
Contribution by crustaceans to the productivity 
of edibles in lakes is judged insignificant 
WRP Lack of quantified data 
Productivity of hunted birds on lakes is assumed 
the same as in coastal areas at Olkiluoto for the 
selected species 
WRP Lack of quantified data 
Productivity of edibles in rivers is taken as the 
same as in lakes 
WRP Lack of site-specific data 
Productivity of edible fish in coastal areas is 
based on generic statistics 
WRP Lack of site data 
a
 See classification above in Table 12-4. 
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Table 12-5 (cont'd). Main assumptions in the delivery of data to other biosphere 
assessment. 
 
Assumption Class a Comment b 
DOSES TO HUMANS (cont'd) 
Productivity of hunted waterfowl is based on bird 
counting from shoreline 
PCA Overestimation in open sea areas; the value 
assumes as high bird density overall as in the coastal 
areas of Olkiluoto 
Iodine concentration ratios to berries is 
assumed the same as to leaves of the 
respective plants 
WRP More site data need to be acquired. The site-specific 
data will be complemented by literature values for the 
final assessment use. 
DOSES TO OTHER BIOTA 
The other biota is adequately represented by 
selecting one species from a trophic 
compartment 
LE Availability of data (and practicality in modelling) 
limits the range of species to be considered. The 
assessment species should be taken indicative and 
representative of feeding and other habits (exposure 
modes and transfer to body). Within the trophic 
compartments the variation, for example, in body size 
is less significant to the exposure than between them. 
Assessment species are taken as ellipsoids ST The internationally developed ERICA methodology is 
adopted 
Sizes of assessment species are mainly based 
on average size and weight 
WRP Data are scarce. Sensitivity of actual model 
parameters to the size should be explored in further 
modelling. 
a
 See classification above in Table 12-4. 
 
 
12.2.2  Main uncertainties 
In this Section, the main uncertainties related to the data other than from the site or the 
selected lake and mire analogues are listed in Table 12-6. For the uncertainties in the 
site and analogue data, see Section 12.1.3 above.  
 
  
Table 12-6. Main uncertainties related to the data other than from the site or reference 
areas used in the delivery of data to other biosphere assessment. 
 
Uncertainty Cause and assessment of 
uncertainty 
Effect on the product Means to reduce the 
uncertainty 
Critical shear stresses Information density; only a 
single site-relevant value 
available 
Uncertainty in biosphere 
forecasts (and further in 
radionuclide transport 
modelling) 
Monitoring of sedimentation 
conditions has been 
planned, needs support 
from modelling 
Peat growth model 
parameters 
Information density; lack of 
consistent peat profile data 
from site-relevant mires 
Uncertainty in biosphere 
forecasts (and further in 
radionuclide transport 
modelling) 
Site studies in the selected 
mire analogues, model 
testing with known peat 
thicknesses at present 
Mixing height Literature value of unknown 
basis 
Uncertainty in C-14 
transport model 
Improved carbon cycle 
estimates for forests and 
croplands 
Net primary production in 
lakes 
Literature value for a 
shallow, mesotrophic lake 
Uncertainty in C-14 
transport model 
Improved mass balance 
and flux estimates for lakes 
Dissolved inorganic carbon 
concentration in lakes 
Literature value for a humic, 
mesotrophic lake 
Uncertainty in C-14 
transport model 
Sampling from the selected 
analogue lakes, a 
monitoring programme to 
be developed 
Sedimentation rate in lakes Information density; only a 
single survey found 
Uncertainty in radionuclide 
transport models 
Sediment studies in the 
selected analogue lakes 
Decomposition rate of 
exposed sediment 
Literature value of unknown 
basis 
Uncertainty in C-14 
transport model 
Overburden studies on 
alluvious land; a simplistic 
decomposition experiment 
has been planned 
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12.2.3  Model sensitivity and data quality 
The sensitivity of the assessment models to the changes in the value of an input 
parameter are explored by sensitivity analysis (e.g., Ekström & Broed 2006). This is 
done in Posiva's biosphere assessment in the modelling processes following the 
biosphere description. However, to give a better overall picture of the data basis of the 
assessment, it is useful to compare the sensitivity information with an index to the data 
quality to capture both the qualitative and the quantitative dimensions of the total 
uncertainty. For such an evaluation, a method usually called pedigree analysis has been 
developed (see Ikonen 2006, Hjerpe 2006 and references therein). Due to the needed 
effort in comprehensive pedigree analysis, here a simpler version, further developed 
from that of Broed (2007), Broed et al. (2007) has been utilised and called Data Quality 
Index to make the difference from the conceptually more comprehensive measure of 
strength of the data quality in the pedigree analysis (e.g., Ellis et al. 2002a, Jeroen et al. 
2002). 
 
A five-criterion matrix for evaluating the data quality is presented in Table 12-7. The 
scoring was carried out by individual persons in the biosphere description team, thus 
reflecting only the view of individual experts, and the results are compiled into Table 
12-8. The evaluation was done only for the key data addressed in Chapter 11. In the 
future Biosphere description reports, the scoring should be done more comprehensively 
and involve a consensus over a larger group of experts of the area and other members of 
the biosphere description team. 
 
To illustrate the applicability of the data quality scoring in the overall assessment, 
Figure 12-1 presents a plot of the data quality indices against the respective sensitivity 
measure in the case of the C-14 transport model (Avila & Pröhl 2007). For each of the 
parameters given a site-relevant value in Chapter 11, the corresponding Spearman rank 
correlation coefficient (SRCC) was taken from (Avila & Pröhl 2007). In case of a 
parameter having several such values, only the maximum within the cases of a forest, a 
lake and a drained lake was taken to simplify the plot. In the lower right corner of the 
figure, the data quality has been evaluated low and at the same time the model is 
relatively very sensitive to small changes in the parameter value; parameters situated 
here would require immediate improvement. The further the individual parameters 
locate to the upper left corner on the plot, the higher the confidence to the model output 
is, by the view of this evaluation. However, also other aspects need to be considered, 
e.g., the needed effort or possible means to improve the data basis. On the other hand, 
with the model development, the overall picture might change as the model sensitivity 
changes (this would imply a fundamental improvement in the system understanding). 
As the radionuclide transport models for the 2009 biosphere assessment are just being 
finalised, more extensive analysis of the data quality and sensitivity ranking is left to the 
subsequent reporting of the assessment. 
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Table 12-8. Data quality indices for the key data delivered to the other biosphere 
assessment. For the scale, see Table 12-7 above. ESM = empirical / statistical / 
methodological; P = proxy; S = spatial variability; R = robustness against time and 
external conditions; A = appropriateness to Olkiluoto site. DQI = data quality index, or 
mean of scores. 
 
Parameter ESM P S R A DQI 
SURFACE AND NEAR-SURFACE HYDROLOGICAL MODEL  
Meteorological variables (precipitation, air temperature, 
radiation, relative humidity, wind speed) 
3 3 2 1 3 2.4 
Groundwater table (head) 3 3 2 1 3 2.4 
Saturated hydraulic conductivity 3 3 3 3 3 3.0 
Transpiration rate - Sap flow measurements are used as 
a proxy to actual transpiration 
3 3 2 3 3 2.8 
Calibration data for rainfall and snowfall interception 3 3 3 3 3 3.0 
Soil water retention curve parameters 2 2 2 3 2 2.2 
TERRAIN AND ECOSYSTEM FORECASTS  
Share of total precipitation reaching river water flow 2 1 1 1 2 1.4 
Transport of eroded material from land to suspended 
matter in rivers (suspended matter load) 
2 1 1 2 2 1.6 
Critical shear stress 1 2 3 3 1 2.0 
Wind direction and speed distribution 3 3 2 1 3 2.4 
Gyttja accumulation rate 0 1 1 2 3 1.4 
Rate of matter passing catotelm of a peat bog 2 2 2 2 1 1.8 
Decay rate of organic matter in catotelm of a peat bog 2 2 2 2 1 1.8 
Density of peat in catotelm 3 3 2 2 1 2.2 
Forest type classification based on soil type 3 2 2 2 3 2.4 
Reed area model parameters 
1
 3 2 2 2 3 2.4 
RADIONUCLIDE TRANSPORT MODELS USED IN LANDSCAPE MODELLING  
Forests  
Annual production of wood 2 2 2 2 3 2.2 
Annual production of understorey plants 
2
 0…3 2 2 2 2...3 1.6...2.4 
Average biomass of wood 3 3 2 2 3 2.6 
Average biomass of foliage 3 3 2 2 3 2.6 
Average biomass of understorey plants 2 2 2 2 3 2.2 
Concentration ratios of iodine to wood, foliage and 
understorey plants (only in regards of site data) 
3 2 2 3 3 2.6 
Vertical distribution of fine root biomass 3 3 2 2 3 2.6 
Croplands  
Irrigation amount (apply also to the C-14 model) 3 3 3 2 2 2.6 
Irrigation frequency (apply also to the C-14 model) 3 3 3 2 2 2.6 
Leaf area index 3 3 3 3 2 2.8 
C-14 specific activity model  
Mixing height 1 2 1 3 1 1.6 
Net primary production in forests 2 2 2 2 3 2.2 
Net primary production in lakes 2 2 1 2 2 1.8 
Dissolved inorganic carbon (DIC) in lakes 3 3 1 2 1 2.0 
Sedimentation rate in lakes 3 2 1 2 2 2.0 
Decomposition rate of exposed sediment 1 1 0 0 0 0.4 
DOSES TO HUMANS  
Productivity of edible products (per unit area)       
forest berries 
2
 1...2 3 2 3 1 2.0...2.2 
forest mushrooms 1 3 2 3 1 2.0 
forest game 2 2 2 3 3 2.4 
croplands 3 3 3 3 3 3.0 
lakes 2 3 2 2 1 2.0 
rivers 1 3 2 2 1 1.8 
coastal area 2 3 2 2 1 2.0 
Concentration ratios to edible products for iodine: 
berries (only in regards of site data) 
2 2 2 3 3 2.4 
DOSES TO OTHER BIOTA  
Assessment species size       
forest animals 3 3 3 3 2 2.8 
forest plants 
2
 1...2 1 2 3 2...3 1.8...2.2 
freshwater 
2
 1 / 3 2 3 3 1 2.0 / 2.4 
brackish water (coastal areas) 
2
 1 / 3 2 3 3 1 2.0 / 2.4 
1
 Data set for calibrating the model 
2
 Varies: some data is very site-specific, some other from similar sites or estimates 
335 
Table 12-8 (cont'd). Data quality indices for the key data delivered to the other 
biosphere assessment. For the scale, see Table 12-7 above. ESM = empirical / 
statistical / methodological; P = proxy; S = spatial variability; R = robustness against 
time and external conditions; A = appropriateness to Olkiluoto site. DQI = data quality 
index, or mean of scores 
 
Parameter ESM P S R A DQI 
Assessment species weight       
forest animals 3 3 3 3 2 2.8 
forest plants 
2
 0 / 2 3 2 3 3 2.2 / 2.6 
freshwater 
2
 0...1 3 2 3 1 1.8...2.0 
brackish water (coastal areas) 
2
 0...1 3 2 3 1 1.8...2.0 
Concentration ratios to assessment species (plants) for 
iodine (only in regards of site data) 
3 2 2 3 3 2.6 
1
 Data set for calibrating the model 
2
 Varies: some data is very site-specific, some other from similar sites or estimates 
 
 
 
 
Figure 12-1. Data Quality Index for the key data related to the C-14 transport model 
(from Table 12-8) against the sensitivity of the transport model to the parameter 
expressed by the Spearman Rank Correlation Coefficient (maximum of those given for 
cases of forest, lake and drained lake in (Avila & Pröhl 2007)). 
 
 
12.3  Overall knowledge quality 
Generally, the knowledge quality provided by the biosphere description to the 
subsequent modelling, and more broadly to the biosphere assessment and the safety 
case, is good: there are uncertainties and data gaps, but they have been identified, as 
well as the major assumptions. However, completeness in this respect can never be 
achieved. 
 
A lot of site data and data from identified and selected analogues have been applied, and 
some of them could be used in more applications, too. Least data has been available on 
mires and limnic systems, especially on lakes and on biota of rivers. On the other hand, 
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available but unused data sources have been identified. With the exception of 
radionuclide data, usually there has not been time enough to digest the data properly. 
The radionuclide concentration database, however, is rather large, but does not provide 
much opportunities of direct utilisation for e.g., transfer factor estimates due to lack of 
samples from different compartments of the ecosystem at about the same time and from 
about the same location. 
 
The main assumptions in the descriptive part of the work are related to the post-
processing of the direct measurements and survey results. The induced slight biases 
have been identified (Table 12-1). In the recommendations of assessment data, main 
assumptions are classified according to a system modified from that of Nagra (2002). 
Almost two thirds of the assumptions result in data within the range of possibilities, but 
without the possibility to currently evaluate the likelihood. About one third is 
conceptualisations by the likely, or expected, characteristics of the system. Only few 
assumptions were classified to the other types, most important of which are the stylised 
conceptualisations (i.e., coarse simplifications) of the system characteristics and 
evolution. These were related to the assumptions made in the models to which the data 
was provided to: flow accumulation, formation of suspended matter flow by erosion and 
accumulation rate of gyttja in the terrain and ecosystem forecasts, and ellipsoidal 
geometry of assessment species in the calculations of doses to the other biota. 
 
Main uncertainties were arising from the lack of directly site-relevant data, and some of 
the data gaps shall be filled with literature data later in the biosphere assessment and by 
additional field studies. Generally, site data is lacking on concentration ratios and 
distribution coefficients for the identified key elements, productivity of edibles for 
humans in various ecosystems, and dimensions and weights of assessment species. 
More uncertainties in the site data are caused by limited information density; time series 
are not yet adequate or the spatial coverage of samples or measurements is rather low 
for final conclusions on the variability. Naturally, following from the scope, the 
uncertainties in the assessment data recommendations based on the site-relevant data are 
the same, in addition to the possible biases and assumptions made in the interpretation, 
discussed already above. 
 
The quality of the data recommended for the further assessment has also been evaluated 
with a quantified measure, the data quality index. It was developed from the approach of 
Broed (2007) and Broed et al. (2007), basing on the pedigree analysis (e.g., Ellis et al. 
2002a, Jeroen et al. 2002). Aspects of empirical, statistical and methodological quality, 
parameterisation, spatial variability, susceptibility to variation by time scales or external 
conditions, and appropriateness to the site were evaluated in the context of the biosphere 
assessment, although on single opinion and not by consensus as would be preferable. 
The results repeat the pattern of uncertainties and lack of data discussed already earlier, 
but provide a more systematic measure than the non-quantified lists. The scores of the 
strength of quality are planned to be further used in a multi-dimensional knowledge 
quality analysis in the subsequent steps of the biosphere assessment. 
 
Overall, comparing with the previous work by the Biosphere description process 
(Haapanen et al. 2007), the understanding over conventional disciplines of 
environmental studies and monitoring has increased, especially by ecosystem-specific 
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and -linking transfer process descriptions and mass balance and flux estimates that 
reveal the data gaps and badly compatible datasets, further contributing to the future 
research programme. An example of this sort of propagation is the root elongation and 
longevity measurements, partially unique to the whole Fennoscandia, launched on the 
basis of identification of data gaps in the previous Biosphere description report. Also, a 
significant conceptual improvement was made by selecting lakes and mires analogous 
to those expected to form at the Olkiluoto site in future, to compensate the lack of such 
ecosystems at the present site. Littoral and agricultural ecosystem characterisation and 
description of fauna based on local and regional data has been added, together with 
support of geographical data and its processing. Generally, the time series are longer 
and plenty of new site data have been gained since 2006. 
 
As a conclusion, it can be stated that there has been a significant improvement in the 
data and site understanding since the previous Biosphere description report, and that the 
knowledge quality of the site part of the biosphere assessment is at a good level. There 
are still major data gaps to be filled, but the overall understanding of the ecosystems and 
their relationships is better than adequate to fill the needs of the existing biosphere 
assessment models that will be further developed, in their turn, in the iteration within 
the assessment process. 
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13  INPUT TO SITE INVESTIGATIONS AND RESEARCH PROGRAMME 
The ongoing monitoring and research programmes are adjusted according to 
experiences, analysis results and outcomes of data use and integration efforts such as 
this Biosphere description process. The database created so far is extensive, but there 
are still gaps in information. Some objects have not been studied; some elements have 
not been analysed. As well, spatial coverage is sparse or time series are short. While 
some of these gaps may be filled using generic values from the literature, a statistically 
solid database from the site is necessary to evaluate the suitability of these generic data.  
Furthermore, there are ecological data, which are not directly needed in biosphere 
description, but instead are used as input for work in other disciplines. In this chapter, 
we present the data needs identified during this Biosphere description process (Table 
13-1). Since this report serves several purposes, the following aspects have been 
considered: 
 Site characterisation activities  
 Other research activities (e.g. sorption studies carried out in a laboratory)  
 Modelling activities 
 Quality management 
Furthermore, a follow-up of the implementation of recommendations made in the 
previous Biosphere description report (Haapanen et al. 2007) is presented in Table 13-2.  
 
Table 13-1. Recommended new studies aiming at better site characterisation: study, 
rationale, feasibility, intended use of results. 
 
Domain and recommendation Evaluation  
Common issues 
Include the key nuclides (elements; Section 1.3) to all relevant chemical 
analysis programmes, and lower the quantification limits. 
Importance: high 
Feasibility: high 
Literature review of transfer factors by experts knowing the site. 
 
Importance: high 
Feasibility: high (at least for the most 
important nuclides/elements) 
Establishment of site-specific database on partition coefficients (Kd) 
(continuation of the work of Lusa et al. (2009)). 
Importance: medium to high 
Feasibility: medium 
Extension of laboratory premises and acquisition of more equipment for 
sampling, pre-treatment and simplest analyses. 
Importance: high 
Feasibility: medium 
Addressing derivation of data for appropriate spatial and temporal scale for 
the subsequent modelling (averaging, down-/up-scaling) in more detail. 
Importance: high 
Feasibility: medium to high 
Enhancement of interdisciplinary integration throughout the Biosphere 
description process. 
Importance: high 
Feasibility: high 
Planning of a radionuclide monitoring programme and establishment of 
radionuclide baseline for the waste disposal facility (construction and 
operation phases). 
Importance: high 
Feasibility: high 
Terrain model and land uplift 
Acquire spatially more detailed water depth data from the sea area, 
especially from areas of repository-visited groundwater flow in sediments 
(discharge areas), forecast water bodies and low confidence areas in the 
terrain model (Pohjola et al. 2009), where relevant to the further modelling. 
Importance: high 
Feasibility: high 
More datings from different shore phases, especially in nearby areas of 
Olkiluoto (<50 m a.s.l) and in different directions. History of ancient pool 
and dam height to be taken into account. 
Importance: medium 
Feasibility: medium 
Studies on crustal thickness, especially near Olkiluoto and in different 
directions. Check usability of HIRE investigation in 2008. 
Importance: medium 
Feasibility: low (new studies) 
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Table 13-1 (cont'd). Recommended new studies aiming at better site characterisation: 
study, rationale, feasibility, intended use of results. 
 
Domain and recommendation Evaluation  
Meteorology and atmospheric deposition 
Monitoring of dry deposition. Importance: high 
Feasibility: high 
Deposition collectors to shoreline (alder forest, open area, a nearby 
island). 
Importance: high 
Feasibility: medium; land rent and 
logistical issues are to be solved 
Better temporal coverage of snow cover measurements (automatic 
measurement). 
Importance: medium 
Feasibility: high 
Geology and geochemistry 
More soil characterisation and sampling locations: pits dug by excavator, 
shallow soil pits, investigation trenches, transparent groundwater tubes 
etc. Locations should be selected based on relevance to surface and near-
surface hydrological modelling (both formation of deep groundwater and 
possible routes of releases from the repository) and spatially low data 
density. 
Importance: high 
Feasibility: high; need overlapping with 
other site characterisation activities 
Spatially extensive soil type and thickness study on shoreline and known 
or expected thin soil areas. Consider also the relation between vegetation 
and soil thickness. 
Importance: high 
Feasibility: high 
Radiocarbon dating and chemical analyses of peat profiles from relevant 
mires selected as analogues to the future Olkiluoto site. The survey should 
be connected with testing of the UNTAMO peat growth model. 
Importance: medium 
Feasibility: medium 
Characterisation of alluvious lands for determination of gyttja accumulation 
rate and the decomposition rate of terrestrialised former sea/lake bottom 
sediment, and an experiment on the same topic. 
Importance: high 
Feasibility: low to medium 
Continue the overburden 3D modelling and its utilisation in the biosphere 
description. 
Importance: high 
Feasibility: high 
Terrestrial ecosystems 
Comprehensive vegetation inventories on the selected analogue mires.  Importance: medium 
Feasibility: medium 
Long terrestrial transects from Olkiluoto to mainland to study primary 
succession.  
Importance: high 
Feasibility: medium 
Updated vegetation polygons data on forest status. Importance: medium 
Feasibility: medium 
More forest sampling plots to deciduous forests (esp. alder stands). Importance: high 
Feasibility: high 
Continuation of tree samples collection for biomass determinations and 
chemical analyses. 
Importance: high 
Feasibility: high 
Extension of sap flow measurement network (more trees per monitoring 
plot). 
Importance: high 
Feasibility: high 
Better definition of values for mass balances and fluxes (e.g. respiration, 
NPP, lateral transport) in mineral soils; estimates, modelling and direct 
measurements. 
Importance: high 
Feasibility: medium 
Estimation of mass balances and fluxes on peatlands (both treeless mires 
and forested peatlands). 
Importance: high 
Feasibility: high 
Systematic sampling of berries and mushrooms (yield and chemical 
analyses for transfer factors). 
Importance: high 
Feasibility: high 
Quantitative surveys of biomass densities of fauna for ecosystem mass 
balance estimations (nearly all biomass in each trophic compartment). 
Importance: medium to high 
Feasibility: low 
Chemical analyses of animal samples for transfer factors (and 
complementary soil samples, if necessary). 
Importance: high 
Feasibility: high 
Gather more data on understorey biomass and productivity for a 100-year 
rotation period in different site types. 
Importance: high 
Feasibility: medium 
Gather data on dimensions and weights of terrestrial assessment species 
of terrestrial flora and fauna. 
Importance: medium 
Feasibility: high 
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Table 13-1 (cont'd). Recommended new studies aiming at better site characterisation: 
study, rationale, feasibility, intended use of results. 
 
Domain and recommendation Evaluation  
Freshwater systems 
Outline a characterisation plan for filling data gaps on the analogue lakes 
and rivers Eurajoki and Lapinjoki. 
Importance: high 
Feasibility: medium to high 
More data (temporal variation) on water quality of River Lapinjoki; 
continuous monitoring at least for some years. 
Importance: medium 
Feasibility: medium 
Mapping of sediments and channel cross-sections of rivers Eurajoki and 
Lapinjoki, and the strait between Olkiluoto and the mainland.  
Importance: high 
Feasibility: high 
Vegetation inventory of the riparian zones and aquatic plants of rivers 
Eurajoki and Lapinjoki. 
Importance: high 
Feasibility: medium 
Bottom fauna and fish studies of River Lapinjoki. Importance: medium 
Feasibility: low 
Gather data on river processes and adapt to conditions near Olkiluoto.  Importance: medium 
Feasibility: medium 
Mapping of small water bodies on and around Olkiluoto Island, and 
characterisation of the most relevant ones. 
Importance: medium 
Feasibility: medium 
Continuation of monitoring of springs near Olkiluoto. Importance: medium 
Feasibility: high 
Chemical analyses of plant and animal samples for transfer factors (at the 
same time also sediment and water sampling). 
Importance: high 
Feasibility: medium 
Sampling of the selected analogue lakes for dissolved inorganic carbon 
(and other carbon species) covering spatial and temporal variation at least 
for some years. 
Importance: high 
Feasibility: medium (logistical issues) 
Study most important carbon storages and fluxes in the selected analogue 
lakes. 
Importance: high 
Feasibility: medium 
Gather data on dimensions and weights of assessment species of 
freshwater flora and fauna. 
Importance: medium 
Feasibility: medium 
Data on hunted birds in the analogue lakes and rivers Eurajoki and 
Lapinjoki. 
Importance: high 
Feasibility: medium 
Study on gyttja  accumulation rates and sedimentation rates in the 
selected analogue lakes 
Importance: high 
Feasibility: medium 
Sea environment and littoral systems on Olkiluoto 
Monitoring of sea level at Olkiluoto. Importance: high 
Feasibility: high 
Monitoring of seawater turbidity and modelling of illumination conditions 
(dark and illuminated bottom habitats) 
Importance: high 
Feasibility: high 
Study of structure and amount of fish for ecosystem modelling and 
determination of transfer factors. 
Importance: high 
Feasibility: medium 
More sampling sites and more frequent sampling for zooplankton. Importance: high 
Feasibility: high 
Complementary sampling of the seawater and biota to better cover the 
spatial and temporal (incl. growing season) variability. 
Importance: medium to high 
Feasibility: medium 
Continuation of the seawater quality mappings (Lindfors et al. 2008) in 
different times of year and in different flow conditions 
Importance: medium 
Feasibility: medium to high 
Collect monitoring data on ice conditions and seawater temperature. 
 
Importance: medium 
Feasibility: high 
Chemical analyses of the collected bottom fauna samples. Importance: high      Feasibility: high 
Monitoring campaign on sedimentation and erosion conditions in sea 
bottom, supported by modelling 
Importance: high 
Feasibility: medium 
Chemical analyses of plant and animal samples for transfer factors (at the 
same time also sediment and water sampling) 
Importance: high 
Feasibility: medium to high 
Systematic littoral habitat survey on shoreline. Importance: high 
Feasibility: high 
Improved classification of sea bottom habitats and description of their 
mass balances and flows. 
Importance: high 
Feasibility: high 
Monitoring of water quality (suspended solids, nutrients) of runoff to the 
sea outside the major river catchments. 
Importance: medium 
Feasibility: medium to high 
Further development of use of the hydrodynamic 3D models (Lauri 2008) 
in modelling of mass balances and fluxes in the sea environment 
Importance: high 
Feasibility: high 
Gather data on dimensions and weights of assessment species of flora 
and fauna of the sea environment 
Importance: medium 
Feasibility: medium 
Agriculture 
Survey of irrigation practises and amounts near Olkiluoto Importance: medium 
Feasibility: medium 
Sampling of farm products and soils for transfer factors Importance: medium (crops),  
low (animal products) 
Feasibility: medium 
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Table 13-2. Implementation status of recommendations made in Biosphere Description 
2006 (Haapanen et al. 2007). 
 
Domain and recommendation Implementation 
Climate, meteorology and chemical deposition 
Results from the deposition collectors and needle analyses 
should be analysed together and compared with recorded 
activities on the construction sites.  
Not done, due to lack of time. 
Overburden 
Obtain till, lake sediment, stream sediment and groundwater 
data from the geochemical database of Geological Survey of 
Finland.  
Yes, obtained and used. 
Construct mass balances at drainage area level No, since on the flat terrain exact delineation of the 
drainage areas and the lack of distinctive ditches 
make an exhaustive budget challenging. 
Sea sediments should be sampled and analysed for grain size, 
age, and elemental concentrations.  
 
Partly started (Kotilainen et al. 2008, Ilmarinen et 
al. 2009) but analyses have not yet been 
completed. More samples have been planned. 
Carry out a new, more detailed sounding of sea bottom. Implemented (Rantataro & Kaskela 2009). 
Establish a study line that stretches from land to sea. Yes, a set of five study lines inventoried 
(Haapanen & Lahdenperä 2009, Ilmarinen et al. 
2009). 
Sea ecosystems 
Add organic C to monitoring program. Implemented. 
Add more locations to monitor phytoplankton distribution. Implemented. 
Start studies on zooplankton. Implemented. 
Study structure and amounts of fish stocks in more detail by 
means of test fishing and seine-fishing of fry. 
Not done, due to practical difficulties. Planned and 
added to the new list (Table 13-1). 
Monitor the volume and quality of runoff waters from nearby 
catchments during different seasons for 2–3 years. 
Not done, except once in connection to seawater 
quality survey (Lindfors et al. 2008). Added to the 
new list (Table 13-1). 
Extend the deposition collector network to the coastline and on 
islands and islets. 
No, due to lack of suitable locations and logistical 
challenges. Added to the new list (Table 13-1). 
Establish flow condition models for nearby sea areas. Implemented (Lauri 2008). 
Terrestrial vegetation 
Expand forest sampling plot network to better cover shore 
vegetation. 
Started in late 2008 and continued in 2009. 
Sample some trees for biomass, carbon and nutrients in stems 
and twigs.     
Instructions have been compiled and collection 
started. Sampling is carried out when trees are 
felled for other purposes. 
Samples from all parts of the ground vegetation (below and 
above ground). 
 
Yes, sampling has been started on the forest 
intensive monitoring plots (FIP). 
Local measurements concerning carbon cycles, for example, soil 
respiration, turnover rate of fine roots. 
Started with measuring elongation and longevity of 
fine roots using the minirhizotrone (MR) method on 
the forest intensive monitoring plots (Helmisaari et 
al. 2009b). 
Terrestrial fauna 
Mapping and classification of fauna habitats. Started (see the data on fauna from 2008–2009 in 
Table 12-1). 
Literature study of weights, concentrations, production and 
consumption by species. 
Started (see Section 10.1.2 and the data on fauna 
from 2008-2009 in Table 12-1). 
Systematic survey on the abundance of mammals and birds on 
the island, completed with comparison between Olkiluoto and 
ecologically similar neighbouring reference areas 
Partly, concerning small mammals and birds. No 
sampling from other areas than Olkiluoto, though. 
Basic research on the status of insects, reptiles and amphibians 
on the island. 
Started (Nieminen & Saarikivi 2008, Santaharju et 
al. 2009). 
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14  CONCLUSIONS 
In this chapter, overall conclusions on the report at hand and the underlying process 
have been drawn. Thereafter, some comments are made on themes related to the 
biosphere assessment, which have arisen in the dialogue with the authorities and 
reviewers of our work. Finally, summaries of sectors presented in this report are 
provided. 
 
14.1  Main conclusions  
This report describes the ecosystems at the Olkiluoto site, being the second Biosphere 
description report in a row to be continued in the future. The report is divided into five 
parts: introductory part, description of present conditions and a summary of site data 
(A), identification of the present main features and processes and ecosystem modelling 
(B), application in biosphere assessment (C), and, finally, a concluding part with the 
knowledge quality assessment. The structure is to foster the gradual integration of 
disciplines and interpretation of the site data for use in the biosphere assessment. 
 
In Part A, the properties of terrestrial, littoral and aquatic ecosystems in Olkiluoto and 
its immediate surroundings, so called Terrain and Ecosystems Modelling (TESM) Area 
are presented, based mainly on site data. Spatially, the forest ecosystems of Olkiluoto 
are most comprehensively covered with investigations, while regarding time series the 
situation is best in sea ecosystems. Some objects were described beyond the TESM 
area, namely small water bodies, rivers, lakes and mires, due to the lack of these objects 
in Olkiluoto area. As in the previous report version, feedback to site investigation plans 
was given as recommendations for further studies in the concluding part.  
 
In Part B, conceptual ecosystem models are presented for the terrestrial, littoral and 
aquatic ecosystems. These are further tentatively quantified into mass balances and 
fluxes for carbon, a highly important element in the ecosystems as well as an analogue 
to C-14, which is a key radionuclide in the potential releases from the repository.  
Compilation of the conceptual models for this report is aimed at integrating the site 
data, working as feedback to the general biosphere modelling work and further 
complementary site studies, and in interaction with them. 
 
In Part C, recommendations of key data to be used in subsequent modelling in the 
biosphere assessment are given and briefly discussed. Due to the vast amount of data, a 
separate Working Report will be published with more thorough presentation and 
inclusion of other site data to the models.  
Compared with the first Biosphere description report in 2006 (Haapanen et al. 2007), 
more site-specific data and longer time-series are now available, better interdisciplinary 
understanding has been established, and sectors such as agriculture and freshwater 
bodies have been added.  Knowledge on the ecosystem components has thus increased 
and the knowledge of Olkiluoto and its surroundings is better. At more detailed levels, 
however, there were no changes in understanding. 
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The ecosystems outside the industrial areas in Olkiluoto do not deviate from the 
surrounding areas. Correspondingly, the chosen lakes, rivers and mires are analogous to 
those expected to be formed at the site in the future, and they are not exceptional within 
the type. The present coastal areas at the site are in transition toward terrestrial or limnic 
ecosystems; a development that likely takes some millennia – respectively, in most 
cases, in the safety assessment, the possible releases would reach the biosphere only 
after that period. Thus, the focus of the biosphere description is, in addition to providing 
the necessary information for modelling this transition, to describe the range of 
conditions in which the releases would then be transported, assuming the current 
features and processes of the ecosystems, of course.  
 
It has been acknowledged that the task for the biosphere description is very challenging 
especially with respect to refining the site data and general understanding in the 
ecosystem models, and to meet the needs of the biosphere assessment. As generally in 
science, total exhaustiveness or completeness can never be achieved. However, there 
can be, and has been, major improvement in the assessment, and the trend will be 
maintained: maturity in the assessment is gained by gradual steps as an iterative 
accumulation of understanding, and its sufficiency should be evaluated in the context of 
the need – the stage in the overall repository programme.  
 
14.2  Thematic considerations 
In this section, some themes that arose from the previous biosphere description 
(Haapanen et al. 2007) and an earlier overall plan of biosphere assessment (Ikonen 
2006) in the dialogue with the authorities are mentioned. As well, some themes that 
appeared during the expert review of this work and during the compilation of the three-
year research plan (TKS-2009) to be published later in 2009 have been included for 
clarification. 
 
Role of biosphere description in safety case 
 
The role of biosphere assessment in the long-term safety case (Posiva 2008) is to 
convert the releases from the repository through the bedrock into doses for humans and 
other biota that can be compared with the regulatory criteria for safety, in compliance 
with other regulatory requirements on, for example, how to perform the assessment (see 
STUK 2001). The doses need to overestimate the risk; however, they may not be overly 
pessimistic.  The degree of pessimism can be estimated only by introducing adequate 
realistic basis to support the assessment.  
 
In addition, favourable conditions for the disposal canisters need to be ensured, and the 
biosphere is the source of the groundwater and the first mediator of external factors. 
This is actually the primary role, as the best safety guarantee is to maintain the isolation 
of the waste, but it is in the domain of site description (Posiva 2008), supported by the 
biosphere description (BSD), and subsequent safety case modelling. This aspect, 
"biosphere-geosphere interface", is mainly handled in the site description based on the 
data summarised in more detail in the BSD, and the biosphere description focuses on 
the "geosphere-biosphere" direction. Thus, in Part A, we describe many aspects of 
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ecosystems not directly connected to the biosphere modelling work, for example, the 
snow and frost statistics serve the surface hydrology modelling of this situation. 
Furthermore, a certain amount of background information is needed to understand the 
site and the ecosystems, and to ensure that all relevant processes and ecosystem 
characteristics are taken into account in the modelling. 
 
Concerning the conventional role of the biosphere assessment, to derive the dose 
estimates for a simulated or otherwise given release of radioactivity from the deep 
repository through the bedrock, there are two important timeframes in the context of 
Olkiluoto, which is a site still experiencing post-glacial rebound of bedrock: 1) the time 
period until the potential releases could reach the surface, typically in the order of 
centuries or millennia, 2) transport and fate of those releases in the biosphere, in a much 
more detailed time scale. The former timeframe is assessed by the terrain and ecosystem 
development component in the Biosphere assessment process (Fig. 1-4) that first 
requires understanding the environmental change caused by the land uplift and other 
relevant drivers, which is gained only by studying the present and past development, 
and, second, appropriate and Olkiluoto-relevant parameter values for the models. 
Providing the site-specific basis for both of these is within the scope of the biosphere 
description, although the actual forecasts and their interpretation are done elsewhere. 
For the latter timeframe, the most reasonable (and practically only) possibility is to base 
the assessment on the major assumption that the features and processes in the present-
day ecosystems are valid also in the future situation, as guided also by (STUK 2001). 
Studying them and interpreting the data in the context of the biosphere assessment is the 
main task of the biosphere description. 
 
In this framework, Part A provides the overall description of the site and regional 
information available for further refinement. Concerning the first timeframe mentioned 
above, at the moment Part A includes most of the contribution as the interpretation and 
application in this scope is left to the biosphere forecast reports, and based on the earlier 
experience and present models, recommended values for the key data are provided in 
Part C. With the lack of other types of specialised reporting, Part A also includes for 
practicality some data that are more relevant to the other uses, such as assessing 
environmental impacts or application in terms of the operational safety of the nuclear 
waste facility to be constructed. 
 
Part B is targeted to analyse the site information from the perspective of the timeframe 
mentioned second above. It structures the site data and understanding into element 
transport process descriptions that are in the form of matrices integrating the different 
disciplines into a consistent representation of the ecosystems. To test the adequacy of 
site characterisation and other available and applicable data, the transport matrices are 
then reformulated into slightly simplified quantitative mass balance models. They serve 
also as a basis derived from the site understanding for comparison with the radionuclide 
transport models. As pointed out already several times, the process is interactive and 
iterative, and the models will be improved with the progress in the overall programme. 
This part also gives feedback to the model development on the next round of the 
assessment iterations. 
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Part C then feeds the assessment models, both biosphere forecast models and the 
radionuclide transport and dose models, with actual parameter data that has been 
derived from the site or the region taking into account the applicability to the site at 
present and its expected evolution (based on earlier forecast modelling). The models are 
those that are in use in the current assessment iteration and which have been developed 
on the basis of the feedback from the previous biosphere description. The part related to 
the forecast modelling answers, naturally, to the first timeframe above, and the part 
providing data to the radionuclide transport and dose modelling to the second. 
 
Propagation of uncertainties in biosphere assessment 
 
As described in Section 1.2.4 and Figure 1-4, the biosphere assessment is organised into 
an overall process of subsequent tasks dealing with the different aspects, time windows 
and levels of pessimism within the assessment. The uncertainties, or more broadly, the 
quality of the knowledge base, are assessed systematically in all of the tasks 
propagating also the results from the inputting tasks so that the main uncertainties are 
handled at appropriate levels of the assessment. In some cases, handling may be 
adequate already at the first level of the knowledge quality assessment; it can be 
justified that uncertainty does not have any significant implications in the further 
assessment, or can be handled with a reasonably pessimistic assumption or parameter 
value. The most significant uncertainties – and major qualitative assumptions, too – in 
their part are propagated throughout the assessment and tied to the formulation of 
calculation cases in the biosphere forecasts and the radionuclide transport and dose 
calculations. The calculation cases are formulated in a systematic way, bound by the 
higher-level safety case scenarios, and the methodology will be described in the 
forthcoming biosphere assessment reports. 
 
Relationship of ecosystem modelling and transfer factor models 
 
In the biosphere description process, ecosystem models could be used to derive transfer 
factors (concentration ratios) where they are not directly measured, but the main role of 
ecosystem modelling in iteration with the subsequent phases of biosphere assessment is  
to ensure that the significant features and processes are included and represented 
properly in the radionuclide transport and dose models, which need to be based on the 
transfer factor approach at least for several years by computational reasons alone. It 
should be noted that, with their unavoidable uncertainties, the ecosystem models are not 
necessarily any better for the use of predicting radionuclide concentrations resulting 
from the postulated releases occurring millennia from the present than the transfer factor 
models, except in their explanatory nature: the best use for ecosystem models at the 
moment is for supporting the more simplistic approach by helping to assign the proper 
parameter values by explicitly analysing the site data and understanding of the 
ecosystem processes in the aggregated parameter data, which the further modelling 
inevitably requires. Despite this, it is acknowledged that, due to their mechanistic and 
site-derived nature, using quantitative ecosystem models to predict the environmental 
concentrations of the relevant radionuclides released from the repository remains a 
valuable goal. However, reaching it requires exhaustive scientific study and site 
characterisation that cannot be hastened without jeopardising thorough analysis of the 
data and gaining the understanding necessary to reach the proper conclusions and use of 
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the information. In the biosphere assessment all achievable progress to the direction is 
fully utilised and encouraged, but for the moment rather by supporting the transfer 
factor based model development and derivation of high-quality parameter data than by 
extensive and rigorous attempts to fully integrate and quantify all mass flows and 
storages in the environment. 
 
Balance between site and regional data and more generic data 
 
In this report, parameter data from the Olkiluoto site or the region around it has been 
provided for further modelling in the biosphere assessment, based on a rather elaborate 
summary of their origin. However, it is clear that they will not be sufficient for all 
models and input data, but that also more generic data are needed. There is also a 
justified question: Is the site data automatically preferred, and is it automatically better 
than generic information?  
 
The various parameters and conditions in the different models of the biosphere 
assessment (e.g., Chapter 11) can be divided into groups, for example, as: 
 
 Climate conditions: by the scenario formulation in Posiva's safety case (Posiva 
2008), these are given to the biosphere assessment from the upper level 
 Geometrical properties: by their nature, these need to be based on the site 
properties as interpreted in the forecast modelling 
 Properties of overburden, waterbodies and biota: in order to meet the context of 
a site-specific assessment, these need to be derived from the site and its expected 
evolution8, although for the use of sensitivity assessment a broader view is 
preferred for the range and probability density function 
 Radionuclide transport parameters: for some there exists site data, but as a rule 
they are not used exclusively unless they have been shown to be significantly 
different from the generic data 
 Dose factors for ingestion, inhalation and external exposure: by definition, these 
are generic handbook values 
 Other dose assessment parameters: following from the approach (section 11.1.5) 
these are by default site or regional data where available 
 
If we consider, for example, the transport parameters, like Sheppard (2005), it is indeed 
nearly impossible to know whether there is an unexpected bias when there are only few 
data (from the site or the literature), and also to exemplify whether a species in a group 
is different from another, for example, is an ass bioconcentrating more effectively than a 
horse? In any case, the more data available, the more we can know about the underlying 
processes and relevant differences in conditions. Since the literature data on these 
parameters are notoriously scarce (with compendium values usually lacking description 
of the range of conditions the data are derived from), the contribution of even a few site 
data would be useful. Still, a few site data alone could be insufficient since the inherent 
variability of the transport parameters is so large that site data would be significantly 
                                                          
8 Otherwise, it could not be known whether a generic data is valid or whether the conditions are for an exceptional situation with a 
significantly better estimate from the site data than from the literature. 
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different only for "fairly exceptional on-site properties" (Sheppard 2005). To address 
these questions, a software called Babar is being developed for Posiva, NRPA and 
IRSN to facilitate statistical analysis and correct sample-size weighted updates of 
generic distributions with site data. The methodology is to be used in the biosphere 
assessment of 2009, and the results reported in the subsequent publications. 
 
Furthermore, the issue of validity of conditions from which the key data have been 
derived with respect to the assessment context is addressed also in the knowledge 
quality assessment (Chapter 12) and especially in its pedigree analysis part. In this 
work, aspects of spatial and temporal variability, robustness against external factors and 
appropriateness for the Olkiluoto site are evaluated in the data quality index (Table 12-
8). This information is propagated throughout the subsequent parts of the biosphere 
assessment for overall evaluation of the strength of the knowledge underlying the 
assessment results. In the future assessments, the methodology can of course be further 
developed to better encompass the variety of conditions affecting different types of 
parameters as the level of knowledge increases with iteration. 
 
To conclude on this theme, generally site data are useful but only in the perspective 
provided by the literature, since it needs to be confirmed that there is no significant bias, 
and that for the sensitivity analyses the ranges and shape of the distribution are 
sufficient in the assessment context. This is a major task, and the need for individual 
data should be viewed based on the potential impact to the assessment endpoints. 
Following from the assessment context, some of the data needs to be from the site 
anyway. 
 
Maturity and future programme of ecosystem characterisation 
 
The aim of the ecosystem characterisation, summarised by the biosphere description, is 
to eventually provide data of sufficient scope and quality to fully underpin the safety 
case development. Due to the iterative nature of the assessments throughout the 
repository programme, not all needs can be known beforehand but they depend also on 
the changes in the relative impact of the uncertainties both in data and in the 
understanding of the system under analysis. Furthermore, they also depend on the 
possible changes in site-independent data and the assessment context, including 
regulatory and other societal requirements. The sufficiency of the data provided on a 
stage of the programme can be evaluated for example from the perspective of the level 
of pessimism: the assessment is required to overestimate the potential harm, but not 
unnecessarily. However, how much pessimism can be allowed depends on the source 
term (release from the bedrock following the postulated defects in repository), on the 
desired margin to the regulatory compliance, and on the required level of confidence on 
the quality and the comprehensiveness of the knowledge base of the assessment. In the 
Finnish programme, this evaluation comes out of the dialogue between Posiva and the 
regulator, both with their external advisors. 
 
So far the focus in ecosystem characterisation has been on gaining an understanding on 
the ecosystems and their function in general in order to have a firm basis for more 
detailed – and usually much more expensive and demanding – studies on specific 
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topics. However, at the same time, much general-level knowledge is gained also on 
radionuclide migration and accumulation both from the site studies on analogous stable 
elements and modelling efforts internally (parallel to the Swedish programme) and 
through international co-operation (e.g., BIOPROTA and IUR). On this basis, the 2009 
biosphere assessment starting from this report aims to meet the needs for an outline and 
further production plans for the material supporting the construction licence application 
in 2012. 
 
In the future programme of ecosystem characterisation, the environmental monitoring 
programme is continued, and some more basic characterisation in domains still needing 
complementation (identified in Chapter 13) will be done, but the focus has turned to 
first improving the quantification of the most important mass fluxes (Chapter 10) for the 
key elements (radionuclides; Table 1-2), and second to improving the data basis for the 
input data required by the biosphere assessment models (Chapter 11), following the 
principles outlined above. Efforts will be made to further improve the surface and near-
surface hydrological modelling (Karvonen 2008, 2009a-c), which is, in practice, the link 
between the biosphere and the repository host rock. 
 
Geosphere-biosphere interface 
 
In the context of the safety assessment, the geosphere-biosphere interface (GBI) is a 
zone where the change from bedrock groundwater up to bioavailable region takes place 
without gaps in the top bedrock, the overburden (both mineral and organic soil) and 
aquatic sediments (Lahdenperä 2006). In the safety case, as well as the opposite 
direction, infiltration from the biosphere to the deep groundwater is important. The area 
of the zone can vary greatly depending on the media of the flow path and a wide variety 
of other reasons, such as topography and contrasts in the hydraulic conductivity. The 
most important factor determining the transport of radionuclides is the water balance of 
the system (BIOPROTA 2005). Thus the problems envisaged with the treatment of the 
GBI are associated with defining the boundary conditions for both deeper groundwater 
flow and biosphere models and derivation of the source term for biosphere modelling 
from the former. In Posiva's assessment, the interfaces between the existing models, for 
example, surface and near-surface hydrological models (Karvonen 2008, 2009a-c), 
hydrogeological model of the bedrock (Vaittinen et al. 2009, Löfman 2009) and Hydro-
DFN model (Hartley et al. 2009) are being developed into a more consistent and robust 
treatment of the GBI (cf. Fig. 1-4): The boundary condition as a groundwater head for 
the deeper hydrological models is derived using the surface hydrology model fed by 
input and calibration data from the biosphere forecasts, which also receive the site data 
through the biosphere description process (Chapter 10 in this report). For the modelling 
of the release situations, in their part, the release paths from the bedrock as simulated by 
the abovementioned deep hydrology model are continued in the surface hydrology 
model (Karvonen 2009c) in order to further provide the biosphere part of the 
radionuclide transport modelling with source term locations. Thus, the surface 
hydrological model is the link crossing the GBI, and focus in the issue should be in its 
input data, calibration and validation as it has already been. The key input data are 
addressed in Chapter 11, the other site-specific data on climate and ecosystems shall be 
described in detail and origin in the background data report (Ikonen et al. 2009a), and 
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the calibration and validation issues are left to the model reports (e.g., Karvonen 2009a, 
b).  
 
14.3  Summary 
Posiva Oy is responsible for implementing the repository programme for spent nuclear 
fuel from the Finnish nuclear power reactors existing or under construction at the 
present. The spent nuclear fuel is planned to be disposed of in a KBS-3 type repository 
to be constructed at a depth of between 400 and 600 metres in bedrock at the Olkiluoto 
site. 
 
This Biosphere description report provides description of the biosphere component of 
the disposal site, by means of scientific synthesis of the current state of the surface 
environments and the main features of the past evolution at the site. It also increases the 
common understanding of the surface environments at the site. In addition, the 
Biosphere description report supports the analysis of the potential future evolutions and 
assessment of resulting radiological consequences by:  
 Supporting the modelling of terrain and ecosystems development, as well as the 
process descriptions. 
 Supporting the selection of site-specific parameter values and distributions in the 
transport analyses of radionuclides. Only key nuclides, based on their significance to 
dose contribution, were addressed here (C-14, I-129, Cl-36).  
 
Global and regional setting  
 
Olkiluoto is an island of the size of approximately 12 km², located on Southwestern 
Finland, by the Bothnian Sea. Finland is located on a stable and old bedrock area 
(Fennoscandian Shield) and its relief is mainly determined by the bedrock. Sandstones, 
Rapakivi granites and volcanic-sedimentary rocks are typical of Southwestern Finland. 
The sediments, in turn, have mainly been formed during the Quaternary period when 
continental ice sheets repeatedly covered the northern Europe. In Southwestern Finland, 
the glacial till is sandy. Clay soil types cover about one-third of the soils. Also rock 
outcrops are typical of the coastal landscape. The Baltic Sea and its gulfs occupy a 
depression in the Fennoscandian Shield. Thus, the bedrock and the landforms are very 
similar on both the sea bottom and the adjacent land. As a result of post-glacial land 
uplift, new areas emerge from the sea throughout the coastal areas of Finland, the rate 
being 3–9 mm/y.  
 
Regarding biomes, Finland belongs mainly to boreal coniferous forest zone with cool-
temperate, moist climate, short growing season and wintertime snow cover. In 
Southwestern Finland, the annual mean temperatures range from 4 to over 6 
o
C and 
mean precipitations from 410 to 670 mm/y. Due to the climate, soil types and also 
consequently low population pressure, the landscape is dominated by forests and mires. 
Southwestern Finland belongs into the raised bog zone. Most of the mires there have 
been initiated on land uplift shores (primary mire formation) and are in various stages 
developing into ombrotrophic conditions.  
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After the last glaciation, the first inhabitants came to the current Finnish territory 
approximately 10,000 years ago. Southwestern Finland was occupied somewhat later. 
The population density has always been rather low and urbanisation started later than in 
Western Europe. However, due to silviculture, very little of Finland remains in a natural 
state.  
 
Terrestrial ecosystems at Olkiluoto 
 
Generally, the terrestrial areas of Olkiluoto do not differ from other coastal locations in 
Southwestern Finland. Primary succession ends typically in grove-like or fresh Norway 
spruce forests. Other major climax types are dryish Scots pine forests, rock forests and 
ombrotrophic raised bogs.  
 
The most common soil types in Olkiluoto Island are fine-textured and sandy till. Soils 
are on average acid, except for the alder stands growing near seashores on clayish soils. 
There base cation concentrations in the surface soils are high, but they are expected to 
decrease in the future due to surface soil weathering, leaching and removal of nutrients. 
Generally, there is quite a large variation in elemental concentrations of soils on 
Olkiluoto.  
 
The forests in Olkiluoto are growing on slightly more fertile sites than in Southwestern 
Finland. There is also a greater amount of Norway spruce and deciduous species in 
Olkiluoto, mainly due to the higher fertility of the soils and the great proportion of 
coastline. Black alder typically forms a belt right behind the treeless shore vegetation 
zones. Pine is more common in the younger age classes. There is a large, relatively 
untreated area of mature spruce forest (belonging to the Natura 2000 network). 
However, the forests of Olkiluoto are on average younger than in Southwestern Finland, 
which is reflected in lower mean volume and higher growth rate of tree stands. The 
relative area of mires and the proportion of undrained mires in Olkiluoto is less than in 
Southwestern Finland. The peat layers are shallow, the hydrological conditions of 
drained mires are still changing, the mires are small, and the range of mire types is 
wide.  
 
The field-layer vegetation of the conifer tree stands is generally dominated by bilberry 
and lingonberry. However, Scots pine-dominated forests on rock surfaces support low-
demanding species adapted to dry, sunny conditions, such as dwarf-shrubs with wax-
covered leaves or lichens, as well as some lingonberry and bilberry, differing clearly 
from other conifer tree stands. Deciduous forests are commonly characterised by tall 
grasses. The field layer of deciduous forests dominated by black alder consists of 
demanding fern and vascular species.  
 
Regarding land birds, Olkiluoto Island is a typical representative of Southfinnish coastal 
forest areas; even though the number of species is high, the area is not important for the 
occurrence of rare species. During the last decade, species common in human-altered 
habitats have increased, whereas species typical of Norway spruce forests and hardwood 
swamps have slightly declined. The mammalian fauna on the island is very typical of 
coastal areas in Southwestern Finland. Olkiluoto is generally not very favourable for 
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most amphibians and reptiles. The captured invertebrates have represented rather 
common ones in Southern Finland. 
 
For this study, we selected the following types for detailed description, based on their 
spatial coverage (now and in the future) and importance in radionuclide transport 
modelling: Scots pine-dominated forests, Norway spruce-dominated forests, birch-
dominated forests, black alder-dominated forests and mires.  
 
Littoral ecosystems at Olkiluoto 
 
Seashores around Olkiluoto show a great variation in environmental conditions due to 
the location between an almost open sea and an extremely sheltered river mouth area of 
Lapinjoki. Deep hard and soft sand bottoms, as well as shallow bottoms with mostly 
soft clay, mud and silt are found. Furthermore, land up-lift-driven succession is going 
on.  The aquatic flora in the Olkiluoto offshore ranges from the algae-dominated hard 
bottom communities in the outer archipelago to the vascular plant-dominated soft-
bottom communities in sheltered locations. Effects of eutrophication can be observed in 
the area affected by the power plant cooling waters. The most distinctive littoral species, 
common reed, forms an almost continuous belt around the island in the upper 
hydrolittoral, being at its widest in the most sheltered locations. Low meadows are 
often, but not always, found between the reed zone and the black alder or sea buckthorn 
belt upper on the shore. The great variety of habitats near the shoreline, from aquatic 
conditions to mires or climax stage forests, maintains a great variety of fauna species as 
well, waterfowl being the most distinctive group. For waterfowl, the most important 
area of Olkiluoto Island is the northern shoreline. During the last decade, populations of 
species typical of inner archipelago and more eutrophic waters have increased while 
those of species typical of outer archipelago have decreased.  
 
The rivers Eurajoki and Lapinjoki flow through the intensively cultivated, flat field area. 
Clay, sand, silt and partly peat are common soils in the catchments making the 
riverbanks easily erodable. The flora and fauna of the littoral zones of the rivers 
Eurajoki and Lapinjoki have not been inventoried.  
 
On lakes selected to represent the future ones around Olkiluoto, the shores are till-
dominated or sandy, but open cliffs and soft or paludified shores exist, as well. Due to 
shallowness of the lakes, the littoral zones are wide in proportion to the lake sizes. Wide 
helophyte zones exist, followed by nympheids, except on stony and hard shores. Sedge 
meadows or reed areas are typical of the lakes. 
 
Limnic ecosystems at Olkiluoto 
 
There are two major rivers, Eurajoki and Lapinjoki, which drain into the Bothnian Sea 
near Olkiluoto. The differences in soil type in the watersheds of these rivers are 
reflected in the water quality characteristics. The catchment of the larger river, Eurajoki 
includes the largest lake in Southwestern Finland. The river is a medium-sized to large 
clay-region river, regulated by dams. About half of the nutrients in the river water 
originate from agriculture. Due to the compensating influence of the large lake basin, 
seasonal variations in upper course water quality are relatively minimal and the nutrient 
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concentrations have been at the same levels as in moderately eutrophic lakes. Toward 
the lower course concentrations of nutrients and suspended solids as well as turbidity 
and electric conductivity are much higher and water has on occasions been extremely 
acidic due to aluminium washed from the soil. In the lower reaches the water quality 
shows seasonal variations in addition to considerable yearly variations. The amount of 
nutrient load varies depending on the discharge and weather conditions, especially 
precipitation. Fish species composition varies from place to place.   
 
River Lapinjoki is classified as a medium-size river running through mineral soil lands. 
The river is regulated by a dam. Furthermore, in dry seasons water can be drawn from 
the River Eurajoki to the River Lapinjoki.  The water is brown and rich in humus and 
contains high levels of iron and organic matter. As a consequence of acid sulphate soils 
and peatlands in the catchment area, the pH of the water may occasionally be low. 
Nutrient transport in the River Lapinjoki is mainly caused by diffuse-source loading. In 
the middle part of the river, concentrations have been comparable with those of slightly 
eutrophicated lakes. In the lower part of the river, concentrations have been typical of 
slightly eutrophicated or eutrophicated lakes. 
 
Small water bodies were described based on literature and regional data, except in the 
case springs, of which site data exists, as well.  Majority of the local spring water 
concentrations corresponded to the shallow groundwater tube and borehole monitoring 
data from Olkiluoto.  
 
Given the scarcity of current limnic systems at Olkiluoto, lakes and small water bodies 
of similar characteristics to the ones expected to evolve in future were searched for in 
nearby areas. Four lake systems were chosen to be described based on literature:  
 
 A system of two shallow, humic and mesotrophic lakes with a long delay time.     
 A system of three shallow, eutrophicated short-delay lakes with strong spring 
floods and humus-rich water.  
 A small lake, which floods easily. Marks of eutrophication, mesotrophy and 
oligotrophy have been observed.  
 A mesotrophic lake, having a small catchment area. Indications of eutrophy have 
also been observed. The fish community is more variable than in the other lakes.  
 
Sea ecosystems around Olkiluoto 
 
The waters around Olkiluoto Island are shallow, except for a few areas where sea depths 
reach about 15 m. The Rauma Archipelago lies to the south, but to the west and north 
the island is exposed and the wind strongly affects currents in the area. The sea bottom 
varies a lot, consisting of Precambrian rock and Jotnian sandstone, till, glacio-aquatic 
mixed sediment, glacial clay, Ancylus sulphate clay, Litorina clay/mud, sand and 
gravel, washed sand layers, recent mud and gaseous sediments.  
 
Two regionally large rivers, Lapinjoki and Eurajoki, discharge to the sea north and east 
of Olkiluoto, increasing the concentrations of nutrients and solids especially at the river 
mouths. The cooling water intake and discharge by the nuclear power plant significantly 
affect the temperature and the currents, but only in their close vicinity. The effect of 
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cooling water can be seen most clearly in winter, when an unfrozen water area of a few 
square kilometres in size forms. Other factors affecting the water quality and biological 
production in the Olkiluoto area are the general state of the coastal waters of the 
Bothnian Sea and the local wastewater load. 
 
The oxygen levels have mainly remained good near the sea bottom. The nutrient 
concentrations in the water in the sea area off Olkiluoto have been typical of the coastal 
waters of the Bothnian Sea and the local variations in the nitrogen and phosphorus 
concentrations have been relatively minor. Growing conditions (eutrophication, short 
and mild winters) have affected the phytoplankton biomasses. The aquatic macrophytes 
range from algae-dominated hard bottom communities in the outer archipelago to the 
vascular plant-dominated soft-bottom communities in sheltered locations. Number of 
aquatic plant species has been 24 to 27. Due to eutrophication, the proportions of 
different species have changed. The annual variation in the bottom fauna biomasses has 
been considerable, which shows instability of the communities. However, some 
indicator species for polluted bottoms have clearly decreased during the last few years. 
The most common fish species are perch and roach. 
 
After general description, different types of sea areas – open, semi-enclosed and 
enclosed areas and flads – were described in more detail.  
 
Agriculture 
 
Due to the minor importance of agriculture on the present-day Olkiluoto Island, 
agriculture was described at the level of Eurajoki municipality, Southern Satakunta or 
whole Satakunta, depending on the availability of statistics and the issue in question. 
The average farm size in Satakunta is slightly over 30 ha. The main production system 
of farms is similar between Eurajoki and Southern Satakunta: cereal production is the 
main production system on 75% of the farms, barley and oats being the main species. 
The special plant cultivation includes production of malt barley, pea, potatoes, sugar 
beet and oil plants (turnip rape, rape, sunflower), being the second largest sector with 
about 20% proportion. Milk production is important in the large area, but not in 
Eurajoki municipality. 
 
Agricultural soils have been usually established on sediment soils that are fine in 
texture, free from stones and contain plenty of nutrients. Thus, fields are often located 
along the rivers. The soil thickness must be over half a metre to secure proper root 
growth and water availability for plants. In Southern Satakunta, almost half of the fields 
are sandy and the proportion of clay soils is small. Agricultural soils have high nutrient 
contents that can be based on original minerals and organic matter, but can also be due 
to the annual applications of fertilisers and in animal production also manure. About 
20% of the fields are on organic and peat soils. Since grass and cereals for feed 
production can be grown basically on all soils, animal production tends to use less 
fertile fields than special crops and horticulture. Majority of the fields have been 
subdrained.  
 
Other anthropogenic ecosystems were described with literature, supported by 
observations at Olkiluoto and surrounding areas.  
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Long-term transport and accumulation processes 
 
The processes affecting transport and accumulation of matter in the ecosystems, 
specifically carbon, in the long-term were discussed and quantified with mainly site data 
to the extent possible. Considered ecosystems were terrestrial, aquatic and littoral. First 
the overall ecosystem structure and long-term transport processes were presented as 
transport matrices and the processes briefly explained. Secondly, the matrices were 
quantified with site and site-relevant data as far as possible for each sub-type of 
ecosystem.  
 
Recommendations of data for biosphere assessment  
 
After the presentation of site characteristics, recommendations of data to be used in the 
biosphere assessment were given. However, only the key parameters and key nuclides 
were addressed in this report – rest will be dealt with in a supplementary report. 
Parameters were given for several modelling steps in the biosphere assessment, namely 
terrain and ecosystem development modelling, radionuclide transport modelling, and 
assessment of radiological consequences. Site and region-specific data were 
supplemented with values from site-relevant literature when needed and considered 
sensible. 
 
Knowledge quality assessment and input to site investigation programme 
 
Quality of the presented data and assumptions was studied in a systematic manner, 
using a pre-defined KQA process. The suitability of applied data to the purpose was 
pondered, main assumptions and uncertainties, and their impact to the outcomes listed, 
and sensitivity of the models to the provided input data studied. There has been a 
significant improvement in the data and site understanding since the previous Biosphere 
description report, and the knowledge quality of the site part of the biosphere 
assessment is at a good level. There are still major data gaps to be filled, but the overall 
understanding of the ecosystems and their relationships is adequate to fill the needs of 
the existing biosphere assessment models that will be further developed, in their turn, in 
the iteration within the assessment process. 
 
Adjustments to the ongoing monitoring and research programmes are proposed 
according to experiences, analysis results and outcomes of data use and integration 
efforts. Major data needs identified during this Biosphere description process were 
presented for each ecosystem  
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APPENDIX A 
Monitoring locations mentioned in this report are presented in the following maps. Data 
sources of the map backgrounds are listed below. The respective permits have been 
listed in Preface. 
 
Figure A-1. Weather monitoring locations on Olkiluoto Island and those operated by 
Finnish Meteorological Institute within the Reference Area. Background maps: 
topographic database by the National Land Survey of Finland, Baltic GIS portal 
(gis.ekoi.lt). 
 
Figure A-2. Radioactivity monitoring locations by TVO. Background maps: Corine 
Land Cover 2000 by the Finnish Environment Institute, Baltic GIS portal (gis.ekoi.lt). 
 
Figure A-3. Soil investigation locations on Olkiluoto Island. Background map: 
topographic database by the National Land Survey of Finland. 
 
Figure A-4. Groundwater monitoring locations on Olkiluoto Island. Background map: 
topographic database by the National Land Survey of Finland. 
 
Figure A-5. Forest investigation locations on Olkiluoto Island. Background maps: 
topographic database by the National Land Survey of Finland. 
 
Figure A-6. Forest investigation locations referred to in Chapters 2, 3 and 4. 
Background maps: Baltic GIS portal (gis.ekoi.lt). 
 
Figure A-7. River investigation locations within discharge areas of Rivers Eurajoki and 
Lapinjoki. Background map: topographic database by the National Land Survey of 
Finland, derivation of watersheds based on these data, as well. 
 
Figure A-8. Springs monitored by Posiva Oy and springs and streams surveyed by the 
Geological Survey of Finland. Background maps: Baltic GIS portal (gis.ekoi.lt), 
topographic database by the National Land Survey of Finland. 
 
Figure A-9. Sea monitoring locations on Olkiluoto offshore. Background maps: 
topographic database by the National Land Survey of Finland, digital elevation model 
by Pohjola et al. (2009). 
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Figure A-2. Radioactivity monitoring locations by TVO. Map layout by Jani 
Helin/Posiva Oy. 
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Figure A-6. Forest investigation locations referred to in Chapters 2, 3 and 4. Map 
layout by Jani Helin/Posiva Oy. 
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Figure A-6 cont'd. Forest investigation locations referred to in Chapters 2, 3 and 4. 
Map layout by Jani Helin/Posiva Oy. 
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Figure A-9. Sea monitoring locations on Olkiluoto offshore. Note that two locations 
(SEA87 and SEA88) are not shown; they are located approximately 20 km west from 
Olkiluoto, in open sea. Map layout by Jani Helin/Posiva Oy. 
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